IN THE UNITED STATES COURT OF FEDERAL CLAIMS
OFFICE OF SPECIAL MASTERS

IN RE: CLAIMS FOR VACCINE INJURIES
RESULTING IN AUTISM SPECTRUM
DISORDER, OR A SIMILAR
NEURODEVELOPMENTAL DISORDER,

Various Petitioner(s)

Autism Master File

REPLY BY AMICUS SMITHKLINE
BEECHAM CORPORATION D/B/A
GLAXOSMITHKLINE TO PETITIONERS’
RESPONSE TO MERCK AND AMICUS
CURIAE RE: NON-PARTY DISCOVERY
SECRETARY OF HEALTH AND HUMAN
SERVICES,

Respondent.
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SmithKline Beecham Corporation d/b/a GlaxoSmithKline (“SB™), in its capacity as
amicus curiae, files this reply to Petitioners’ Response to Merck and Amicus Curiae re: Third-
Party Discovery (“Petitioners’ Response™) to show the following:

INTRODUCTION

Petitioners ask the Special Master to take an unprecedented step in issuing a subpoena
seeking expansive discovery from a non-party vaccine manufacturer, yet they can point to
nothing more than their own expedient interpretation of the Vaccine Court’s rules to justify the
request. They argue that Congress intended the Vaccine Act to alleviate the liability exposure of
vaccine companies, but that it never envisioned that these companies would be wholly exempt
from discovery in a Vaccine Court proceeding. With all due respect, the statutory framework
and legislative history that will be discussed below makes clear that Congress was concerned
with precisely these types of expensive litigation burdens, not just final judgments. In fact, there

is no precedent for guiding the Special Master in addressing many of the substantive and
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logistical problems raised by Petitioners’ request because the Vaccine Act was designed to
exclude the vaccine companies from proceedings in this Court.

Keeping this important legislative backdrop in mind, Merck and the amici have each
demonstrated in their prior briefs that the statutory and judicial standards that stand as a
precondition to any discovery in this Court rajse a high bar when applied to parties to a Vaccine
Court proceeding. That burden is necessarily and additionally elevated when the object of
discovery is a non-party—especially a non-party like Merck and the amici whom the Vaccine
Act was enacted to protect. The only reasonable interpretation of Congress’ intent is that resort
may be made to discovery—at least as to third-parties covered by the Vaccine Act—only when
there is a “gap” in the proof necessary to establish entitlement to compensation and the particular
information that is lacking cannot be acquired another way.

Petitioners deftly try to convert the factual “gap” explained by Merck and the amici into a
wholly unsubstantiated “scientific gap” theory. According to Petitioners, they are entitled to
have access to the records of vaccine manufacturers whenever the available science is
insufficient to support their burden of showing causation. That interpretation flies in the face of
the Vaccine Act’s structure and purpose. As SB explained in its amicus brief at 3-4, the Act
envisions that Petitioners will assemble the available proof in a compensation proceeding, and
the Special Master will determine whether it proves causation.

Petitioners maintain that the available studies themselves have identified “scientific gaps”
that Petitioners assert can only be filled in with documents that may or may not exist in the
vaccine companies’ files. Specifically, they point to the October 2001 Report of the Institute of
Medicine (“IOM Report”) and remarks found on the website for FDA’s Center for Biologics
Evaluation and Research (“CBER”). Yet they fail to address the numerous recent studies that

are publicly available—and with good reason. The wealth of available scientific data has closed
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the gaps in science identified in the 2001 IOM Report, but Petitioners understandably find it
lacking since the legitimate science tends to refute, rather than substantiate, their theory of
causation. Petitioners’ dissatisfaction with the scientific data that is publicly available provides
no basis for subjecting the vaccine companies to the significant burden of responding to broad
discovery requests in a proceeding that Congress deliberately exempted them from being part.

ANALYSIS AND AUTHORITIES

A. Plaintiffs Have Failed to Articulate a “Necessity” that Would Warrant Broad
and Invasive Access to the Vaccine Companies’ Files

Petitioners’ argument as to why the documents they seek are “reasonable” and
“necessary” starts with the premise that “the Special Master and petitioners [do not] have all the
relevant evidence needed to conclude the causation analysis.” Petitioners’ Response at 3. From
there, they proceed to dismiss the documents provided by the HHS Secretary thus far as
providing only “a paucity of causation evidence.” Id Thus, Petitioners urge, “the Special
Master needs to look elsewhere for the information,” Id Since “one may sensibly assume that
Merck . . . is a reasonable place for the Special Master to turn,” Petitioners conclude they have
established the showings of necessity and reasonableness required to entitle them to discovery.
I

The foundational assumption of Petitioners’ analysis—that they are presumptively
entitled to discover “all relevant evidence needed to conclude the causation analysis™—-is where
they first go astray of the Vaccine Act. The standard they articulate speaks to traditional
discovery—not the presumptively limited role of discovery placed upon Vaccine Court
proceedings. Compare see FED. R. C1v. P. 26(b)(1) (“Parties may obtain discovery regarding
any matter, not privileged, that is relevant to the claim or defense of any party . . . .”), with 42
U.8.C. § 300aa-12(d)2)(E) (mandating that the Vaccine Court rules “provide for limitations on
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discovery and allow the special masters to replace the usual rules of discovery in civil actions in
the United States Court of Federal Claims™). The fact that Merck may have “relevant”
information does not make it reasonable or necessary to require Merck to seek out and produce
wide-ranging materials from its extensive files.

Although Petitioners suggest that they “need only describe the information gaps
identified in the respondent’s own document production to provide a sufficient showing of
necessity for the authorization to issue . . . the requested subpoena,” Petitioners’ Response at 3,
notably, they point only to the IOM Report dated more than two years ago and remarks taken
from the CBER website to identify those “information gaps.” Id. at 4. Petitioners suggest that
those “gaps” might possibly be filled in by information in the control of the vaccine companies.
In fact, in the last two years, there have been numerous articles and studies on the very subjects
that Petitioners itemize from the 2001 IOM Report. In the Research and Articles Summary and
Appendix that is separately bound and being submitted contemporaneously, SB has summarized
and attached abstracts and articles reporting on a number of recent studies and scientific data
gathered in connection with research into the existence of any causative link between thimerosal
and autism-related disorders. There have also been statements issued by various national and
international agencies charged with vaccine safety after research has been presented to those
agencies on those same subjects. As the lengthy appendix attests, there is a wide body of
scientific knowledge on the subject, and Petitioners should be required to identify the specific
gaps in that information—not resort to a two-year old IOM Report—before they can begin to

surmount the compelling presumptions against third-party discovery from vaccine companies.
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B. Merck’s “Familiarity” With its Vaccine Product Goes to “Relevance” Not
“Necessity”

Petitioners argue that “Merck’s familiarity with the Recombivax product that it designed,
tested, manufactured, and distributed for over a decade is an additional reason for allowing the
requested discovery.” Petitioners’ Response at 5. If Petitioners’ proposed standard were
adopted, it would be hard to imagine a case involving a vaccine-related injury where that same
showing could not be made. Again, Petitioners resort to relevance discovery standards, which
are inapplicable in this Court.

Nonetheless, Petitioners attempt to draw support from a prior decision of this Court,
Wittmer v. Sec'y Dept. of Health and Human Servs., 43 Fed. Cl. 199 (1999), in which a Special
Master permitted the testimony of a consulting expert witness over the objection of the petitioner
in that case. The consulting expert had been the treating physician for the injured child. The fact
that non-party evidence was allowed in that case provides no basis for the discovery sought here.
There is no claim that any vaccine company has particularized knowledge of the specific injuries
or treatment of any petitioner in this case—only that the vaccine companies “might” have some
materials in their possession that Petitioners hope might compromise the profusion of available
scientific data that points away from any causal connection. Notably, Petitioners themselves do
not claim to be aware that this information actually exists; they speculate only that if they could
review the vast files of the vaccine companies, they might find something useful. But without
even a hint as to what that information might be, their request to plow through hundreds of
thousands of documents to see if it even exists is decidedly unreasonable.

C. The Balancing of the Respective Interests and Burdens Clearly Favors the
Vaccine Companies

Petitioners appear to believe that it is “necessary” to go directly to the files of the vaccine

companies since the production of PLAs by the government has taken so long. They argue that
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the delay in production means delay in compensating so many injured children. Petitioners’
Response at 8-9. But the solution they offer—shifting the burden of large-scale discovery to the
vaccine companies—would not provide any real remedy and certainly is not grounds for putting
the vaccine companies to this monumental task under the circumstances. As explained in the
prior briefing, Petitioners are no more likely to get these documents more quickly from the
vaccine companies than from the government, which has already been far down the road in
compiling the PLA documents and negotiating trade secret redactions with the vaccine
companies. Although Merck suggested potential ways to speed up the process—such as
allowing the government to produce the PLA documents as cﬁrrently redacted so that Petitioners
can determine if the trade secrets are really worth fighting about—Petitioners do not even
respond. If they truly want the majority of PLA documents sooner, it is curious that they will not
consider more productive and less intrusive means to obtain them.

Finally, in their balancing-of-the-equities analysis, Petitioners suggest that the Vaccine
Act was designed to prevent vaccine companies from liability exposure, not litigation burdens.
Petitioners Response at 1, 9-10. In this assumption, they are simply wrong. Congress was clear
that the litigation costs were an equally compelling reason for the Compensation Program:
“Lawsuits and settlement negotiations can take months and even years to complete. Transaction
costs—including attorneys’ fees and court payments—are high.” H.R. Rep. 99-908, at 6-7,
reprinted in 1986 U.S. CODE, CONG. & ADMINISTRATIVE NEWS (“U.S.C.C.AN.”) 6344, 6347
(emphasis added). This sought-after discovery will force the vaccine companies to incur
precisely the types of litigation transactional costs that Congress intended be avoided.

CONCLUSION

Petitioners have failed to show that the discovery they request is reasonable or necessary

under the circumstances. Their request for a subpoena should be denied.
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Respectfully submitted,
FULBRIGHT & JAWORSKI L.L.P.

Py e [eee—
Stephanie A. Smth*

Marcy Hogan Greer

600 Congress Ave, Suite 2400
Austin, Texas 78701

Telephone: (512) 474-5201
Facsimile: (512) 536-4598

COUNSEL FOR AMICUS CURIAE
SMITHKLINE BEECHAM CORPORATION
d/b/a GLAXOSMITHKLINE

* Application for admission to the United States Court
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CERTIFICATE OF SERVICE
I hereby certify that on December 29, 2003, I served the foregoing Reply by Amicus

SmithKline Beecham Corporation d/b/a GlaxoSmithKline to Petitioners’ Response to Merck and
Amicus Curiae re: Non-Party Discovery on the following individuals via facsimile and email
transmission:

Vincent Matanoski

Mark Raby

U.S. Department of Justice

Torts Branch, Civil Division

P.O. Box 146, Benjamin Franklin Station

Washington, D.C. 20044-0416

Telephone: (202) 616-4124

Telecopier: (202) 616-4310

Email; vincent.matanoski@usdoj.gov
mark.raby(@usdoj.gov

Ghada Anis

Petitioner’s Steering Committee
733 15™ Street, N.W., Suite 700
Washington, D.C. 20005
Telephone: (202) 393-6411
Telecopier: (202) 318-7518

Email: ghada@autismpsc.com

Michael L. Williams

William Dailey O’Leary Craine & Love, P.C.
1001 SW 5™ Avenue, Suite 1900

Portland, Oregon 97204-1135

Telephone: (503) 295-2924

Telecopier: (503) 295-3720

Email: mwilliams@wdolaw.com

Paul F, Strain

Bruce R. Parker

Dino S. Sangiamo

Maria E. Rodriguez

Venable, LLP

1800 Mercantile Bank & Trust Building
2 Hopkins Plaza

Baltimore, Maryland 21201-2978
Telephone: (410) 244-7400

Telecopier: (410) 244.7742
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Email: dssangiamo@venable.com

Peter C. Neger

Bingham McCutchen LLP

399 Park Avenue

New York, NY 10022-4689
Telephone: (212)318-7700
Telecopier: (212) 752-5378
Email: peter.neger@bingham.com

Richard W, Mark

Daniel . Thomasch

Orrick, Herrington & Sutcliffe LLP
666 Fifth Avenue

New York, New York 10103
Telephone: (212) 506-3785
Telecopier: (212) 506-5151

Email: rmark@orrick.com

Dthomasch@orrick.com

Lee Davis Thames

Butler, Snow, O’Mara, Stevens & Cannada, PLL.C
17® Floor, AmSouth Plaza

210 East Capitol Street

Jackson, Mississippi 39225-2567

Telephone: (601) 948-5711

Telecopier: (601) 985-4500

Email: lee.davis.thames{@butlersnow.com

Bradley S. Wolff

Swift, Currie, McGhee & Hiers, LLP
1355 Peachtree Street, N.E.

Suite 300

Atlanta, GA 30309-3238

Telephone: (404) §74-8800
Telecopier: (404)-888-6199

Email: Brad. Wolffi@swiftcurrie.com
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Special Master George L. Hastings
United States Court of Federal Claims
Office of Special Masters

529 14™ Street, NW

Suite 302

Washington, D.C. 20045

Telephone: (202) 504-2186

Email: george_hastings(@ao.uscourts.gov
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FULBRIGHT & JAWORSKI L.L.P.
A REGISTERED LIMITED LIABILITY PARTNERSHIP
600 CONGRESS AVENUE, SUITE 2400
AusTIN, TExas 78701-3271
WWW.FULBRIGHT.COM

Marcy HoGaN GREER DIRECT DIAL: (512) s38-4581

ParRTNER TELEPHONE; (B12) 474-5201

MGREER@FULBRIGHT.COM FACSIMILE: (512) s36-4598
December 29, 2003

VIA HAND DELIVERY

Clerk of the Court

U.S. COURT OF FEDERAL CLAIMS
717 Madison Place, NW
Washington, DC  20005-1011

Re:  In Re: Claims for Vaccine Injuries Resulting in Autism Spectrum Disorder, or in a
Similar Neurodevelopmental Disorder v. Secretary of Health and Human
Services; In the United States Court of Federal Claims, Office of the Special
Master, Autism Master File

Dear Clerk:
Enclosed please find the original and three copies each of the following:

- Reply By Amicus SmithKline Beecham Corporation d/b/a GlaxoSmithKline to
Petitioners’ Response to Merck and Amicus Curiae re: Non-Party Discovery; and

* Research and Articles Summary and Appendix.

Please file the enclosed in your usual manner, returning file-stamped copies of each to me
via the courier provided,

Thank you for your attention to this matter. If you have any questions, please do not
hesitate to contact me at (512) 536-5216.

Very truly yours,
Moiy By foreen—
Marcy Hogan Greer
MHG/lak
Enclosures
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210 East Capitol Street
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Bradley S. Wolff
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Suite 300
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Telephone: (404) 874-8800
Telecopier: (404)-888-6199
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RESEARCH AND ARTICLES SUMMARY

As mentioned in SB’s reply brief, Petitioners’ eight alleged “gaps,” listed in bullet point
fashion on page 4 of their Response, are considered, seriatim and in the context of available
scientific information, below. The referenced abstracts or articles are included in the attached
bibliography for the Special Master’s convenience:

1. “‘The data regarding toxicity of low doses of thimerosal and ethyl-mercury are very
limited, and only delayed-type hypersensitivity reactions have been demonstrated.”

Since the IOM Report, the following studies have appeared in peer-reviewed
publications:

¢ Pichichero ME, et al. Mercury concentrations and metabolism in infants
receiving vaccines containing thimerosal: a descriptive study. Lancet
2002;360:1737-42.

Dr. Pichichero and colleagues measured mercury levels in blood, urine and stool samples
from 40 infants who received thimerosal-containing vaccines and compared them to 21 control
infants receiving thimerosal-free vaccines. In addition to demonstrating that infants rapidly
excrete a substantial portion of thimerosal-derived mercury in their feces, the researchers found
that the “amounts of mercury in the blood of infants receiving vaccines formulated with
thimerosal are well below concentrations potentially associated with toxic effects.”

e Magos L. Neurotoxic character of thimerosal and the allometric extrapolation of
adult clearance half-time to infants. J. Applied Toxicology 2003;23:263-69.

This article noted a significant difference between ethylmercury and methylmercury in
terms of their ability to cross the blood-brain barrier. The author noted that it appeared from
large dose poisoning data that “ethylmercury is less toxic than methylmercury” based on the
amount necessary to produce the toxic effect.

e (Clarkson TW, et al. The toxicology of mercury --- current exposure and clinical
manifestations. N. Eng. J. Med. 2003;349:1731-37.

In this article, the authors compared the clinical toxicologic features of mercury vapor,
methylmercury, and ethylmercury found in fish, dental amalgams, and vaccines, respectively.
Concerning the vaccine issue, the authors noted the differences between the effects of
methylmercury and ethylmercury and concluded:

[T]n the two-month periods between vaccinations (at birth and at two, four and six
months), all of the mercury should have been excreted, so that there is no
accumulation.

1 petitioners’ Response at 4 (quoting Immunization Safety Review: Thimerosal Containing
Vaccines and Neurodevelopmental Disorders, Institute of Medicine, October 2001 [“IOM Report”] at 3,
27).



This finding of no accuwmulation of mercury in blood with successive administration of
thimerosal-containing vaccines has been demonstrated in the Burbacher, et al. study of non-
human primate infants, discussed below.

e Clarkson TW, et al. Human exposure to mercury: the three modern dilemmas. J.
Trace Elements Exper. Med. 2003;16:321-43.

Here, the same authors discussed the same issues in considerably more detail. As
respects thimerosal in vaccines, they conclude: *“Ethyl mercury and therefore thimerosal would
appear to be less toxic in humans than methy! mercury compounds.”

2. “There is a need for ‘far more evidence of the risks and benefits associated with
thimerosal-bearing vaccines.’”?

This quote is ostensibly lifted from the IOM’s. discussion of the “Public Health
Response” (IOM Report, p. 7), which was the appropriate place for the IOM to focus on
balancing risks and benefits. However, Petitioners have misquoted the Institute. The precise and
complete statement of the IOM is: “There is a need for? more evidence on the risks and benefits
associated with thimerosal-containing vaccines, biological, and pharmaceutical products in use in
the United States and elsewhere.” This “gap” has also been filled since October 2001.

s  WHO Global Advisory Committee on Vaccine Safety. Statement on thiomersal.
August 2003.

The IOM’s expressed concern about risks/benefits “clsewhere” (which Petitioners
omitted) is demonstrated in this position paper of the GACVS, which was established in 1999 by
the World Health Organization to respond “promptly, efficiently and with scientific rigour to
vaccine safety issues of potential global importance.” Afier considering data presented by
reknowned thimerosal researchers, including Dr. Pichichero, as well as the article by Geier and
Geier discussed below, the GACVS determined that “there is no reason on the grounds of safety
to change current immunization practices with thiomersal-containing vaccines, since the benefit
outweighs any unproven risks.” (emphasis supplied.)

¢ Statement from the Committee on Safety of Medicines, Further Data Support
Safety of Thiomersal in Vaccines. UK Medicines Control Agency, February 12,
2003,

This Committee considered two UK epidemiological studies and the Pichichero study
(discussed above). The CSM Chairman stated: “The balance of benefits and risks of thiomersal-
containing vaccines therefore remains overwhelmingly positive.” (emphasis supplied.)

? Petitioners’ Response at 4 (purportedly quoting IOM Report at 7).
% Note the absence of the adjective “far” in the IOM Report.

2.



3. “The IOM ‘is unaware of risk assessments of thimerosal in pharmaceutical products’
and recommends risk-based research,”

The risk/benefit studies referred to in 2 above are also applicable here.

4. “The report discusses at length the lack of data regarding the toxicity or safety of ethyl
mercury, the primary constituent of thimerosal.”*

By reiterating the same “gap” with a different characterization, Petitioners appear to be
itemizing a greater number of gaps than ever existed. This “gap” is essentially the same as the
one discussed in #1. The studies referenced above (Pichichero, et al.,, Magos, and the two
Clarkson, et al. papers) speak directly to this point.

5. “The report further details the lack of information about low doses of thimereosal,
particularly noting the absence of toxicity data for the doses of thimerosal found in the
pediatric vaccine schedule.”®

The 2002 Pichichero study, discussed above at #1, provides precisely the kind of data the
IOM said was lacking. It is a study of exposure of infants who received the low dose of
thimerosal that is in fact found in the vaccines.

e Burbacher, TM, et al. Mercury levels in blood and brain of infant monkeys
exposed to thimerosal [Abstract]

This recent study in non-human infant primates compared the distribution of mercury in
newborn monkeys following intramuscular administration of thimerosal-containing vaccines as
compared to oral methylmercury ingestion. Dr. Burbacher and colleagues concluded that “EPA
guidelines for methylmercury exposure may not provide an accurate assessment of the public
health risk to children receiving thimerosal-containing vaccines.”

6. “The IOM explicitly recognizes the gaps in science by recommending a number of
biomedical, clinical, el)idemiological, and basic science research areas in order to
develop the evidence.”

Summarized in Box ES-1 (IOM Report, pp. 14-15) are the IOM’s recommendations of “a
diverse public health and biomedical research profile” consisting of Epidemiological Research,
Clinical Research and Basic Science Research. What has transpired since the IOM Report is
outlined below.

4 petitioners’ Response at 4 (quoting IOM Report at 9),

21d,

$1d

I Petitioners have confused the classifications intended by the [OM by suggesting that
“biomedical” research is a separate category.

§ petitioners® Response at 4.



Epidemiology
Epidemiological studies have been completed with respect to thimerosal:

¢ Stehr-Green P, et al. Autism and thimerosal-containing vaccines: Lack of
consistent evidence for an association. Am. J. Prev. Med. 2003;25(2):101-06.,

Dr. Stehr-Green and colleagues performed an ecological study analyzing the reported
increases in autism in California, Sweden and Denmark over comparable periods of time.
Sweden and Denmark were chosen because in those countries, childhood vaccines have been
thimerosal-free since 1993. Both Sweden and Denmark reported increases in the number of
diagnosed cases that continued, and even accelerated, after the 1993 removal of thimerosal from
childhood vaccines. Recognizing that there are limitations on ecological analyses, the authors
concluded that the evidence to date and their data “are not consistent with the hypothesis that
increased exposure to Thimerosal-containing vaccines are responsible for the apparent increases
in the rates of autism in young children being observed worldwide.”

¢ Madsen KM, et al. Thimerosal and the occurrence of autism: Negative ecological
evidence from Danish population-based data. Pediatrics 2003;112(3);604-06.

These investigators performed the same type of analysis as did the Stehr-Green study but
focused solely on Denmark. They note that “the thimerosal-containing vaccine was gradually
phased out meaning that the incidence rates should decline gradually if thimerosal has any
impact on the development of autism. However, an increase (rather than a decrease) in the
incidence rates of autism was observed.”

» Hviid A, et al. Association between thimerosal-containing vaccine and autism.
JAMA 2003;290(13):1763-66.

This study also focused on Denmark but took a different approach. It is a cohort study
comparing the numbers of children diagnosed with autism who were vaccinated with thimerosal-
containing vaccines to those who were vaccinated without thimerosal. They found that the risk
for autism did not differ significantly between the two groups. They also found no evidence of a
dose-response relationship (where those who got higher doses of thimerosal were at increased
risk for autism). The authors concluded that “our results are not compatible with the hypothesis
of a causal association between thimerosal and autistic-spectrum disorders.”

* Verstraeten T, et al. Safety of thimerosal-containing vaccines: A two-phased
study of computerized health maintenance organization databases. Pediatrics
2003;112(5):1039-48.

This study was a retrospective cohort study of neurodevelopmental disorders in three
HMOs in which assessments were made at different times during development based on the
amount of thimerosal received. The study concluded: “No consistent significant associations
between ([thimerosal-containing vaccines] and neurodevelopmental outcomes were found”
among the HMOs.



e  Geier MR and Geier DA. Thimerosal in childhood vaccines, neurodevelopmental
disorders, and heart disease in the United States. J. Am. Phys. and Surgs. 2003;
8(1):6-11.

The lead author of this article is well known to this Court. See Daly v. Secretary of HHS,
No. 90-590V, 1991 WL 154573, n.11 (Chief Spec. Mstr. Golkiewicz): “[T]he court admonishes
Dr. Geier to reconsider his role, from a moral standpoint, as a witness under this Program.”

The authors claim that their analyses provide “strong epidemiological evidence for a link
between mercury exposure from thimerosal-containing vaccines and neurodevelopmental
disorders.” However, these analyses have been severely criticized by the American Academy of
Pediatrics (“Study fails to show a connection between thimerosal and autism™), the National
Immunization Program (“The researchers inadequately described the methods they used, making
it impossible to determine exactly what was done and how the results should be interpreted. . . .
There are a number of weaknesses in this analysis, including an apparent misunderstanding
among the authors regarding VAERS reporting requirements.””) and GACVS (“[Tlhe article does
not provide a sufficient scientific basis for changing the WHO policy in respect of thiomersal-
containing vaccines.”).

Among these concerns was the Geiers’ use of the Vaccine Adverse Event Reporting
System (“VAERS”).2 As the CDC explained in a recent report:

Passive surveillance systems (e.g., VAERS) are subject to multiple limitations,
including underreporting, reporting of temporal associations or unconfirmed
diagnoses, and lack of denominator data and unbiased comparison groups.
Because of these limitations, determining causal associations between vaccines
and adverse events from VAERS reports is usually not possible.

CDC. Surveillance for safety after immunization: Vaccine Adverse Event Reporting System
{VAERS] --- United States, 1991-20001. MMWR 2003;52[SS-1]:1-24. The IOM has also
expressed concern that “VAERS and other case reports submitted to the committee are useful for
hypjgﬂlesis generation, but they are generally inadequate to establish causality.” I0M Report, p.
59.

2 VAERS is a passive surveillance system meaning that reports are voluntarily submitted
by those who witness the adverse events, including practitioners, parents, hospitals, even
attorneys.

L Other Geier articles suffer from the same deficiencies. See, e.g., Geier MR and Geier
DA.  Neurodevelopmental disorders after thimerosal-containing vaccines: A  brief
communication. Exp. Biol. Med. 2003;228(6): 660-64; Geier DA and Geier MR. An assessment

of the impact of thimerosal on childhood neurodevelopmental disorders. Pediatr. Rehabil,
2003;6(2):97-102.



Clinical Research

For clinical research, the IOM recommended three types of studies: (a) how children
metabolize and excrete heavy metals, particularly mercury; (b) modeling of ethylmercury
exposures, including the incremental burden of thimerosal with background mercury from other
exposures; and (c) “careful, rigorous and scientific investigations of chelation when used in
children with neurodevelopmental disorders, especially autism.” TOM Report, p. 15. Several
studies fit these categories:

o Pichichero, et al. See #1 above.

This previously described study specifically investigated the levels of mercury in the
blood of infants administered thimerosal-containing vaccines and its subsequent excretion in
feces.

e Holmes AS, et al. Reduced levels of mercury in first baby haircuts of autistic
children. Int’l J. of Toxic. 2003;22:277-85.

These investigators compared the baby hair of 94 children eventually diagnosed with
Autism Spectrum Disorder (ASD) to the baby hair of 45 controls. Lab testing determined the
mercury content in the hair of the ASD children to be low compared to that of controls. The
authors speculate that if mercury is not in the hair, it is still in the body and they “presume that a
portion of the tissue mercury retention is sequestered in the central nervous system.” (emphasis
added).

Basic Science Research

Here, the IOM focused on two specific categories: (a) research to identify an alternative
to thimerosal “for countries that decide they need to switch™" and (b) research in animal models
on neurodevelopmental effects of ethylmercury. IOM Report, p. 12. As respects animal models,
studies are underway which have not yet resulted in published results. Abstracts of those studies
have been presented at two International Meetings for Autism Research (IMFAR) in November
2001 and November 2002. Another animal model study by Burbacher, et al. (discussed above)
has been abstracted and presented recently to the Advisory Committee on Immunization
Practices. Copies of the abstracts of animal studies pertaining to thimerosal are included in this
appendix.

7. “‘Additional studies to fill in gaps in our knowledge, such as whether the regressive
subtype of autism is causally related to thimerosal in vaccines, is warranted.’”!?

The website for the Center for Biologics Evaluation and Research (CBER) states that the
“U.S. Public Health Service agencies have collaborated with various investigators to initiate
further studies to better understand any possible heaith effects from exposure to thimerosal in

U petitioners cannot be interested in research concerning preservatives other than thimerosal
since theﬂ need to prove a causal connection to thimerosal-containing vaccines.

Petitioners® Response at 4 (quoting www.fda.cber.gov, “Frequently Asked Questions™).
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vaccines.” www.fed.gov/cber. Since the government is the Respondent here, it should be the
source of the information sought by the Petitioners.

e Nelson KB and Bauman ML. Thimerosal and autism? Pediatics 2003,
111(3):674-79.

This commentary relates to the claim that autism is a form of mercury poisoning based on
a comparison of symptoms, as hypothesized by Bemard S, et al. Autism: a novel form of
mercury poisoning. Med. Hypothesis 2001;56;462-71. The authors, a neuroepidemiologist at the
NIH and a neurologist at Harvard Medical School, demonstrate that the Bernard, et al. symptom
comparison is simplistic and flawed. Consistent with the Clarkson studies (see #1), they state:
“At equivalent doses, higher levels of mercury have been found in the blood and less in brain
following administration of ethylmercury than methylmercury.”

Drs. Nelson and Bauman also note that the pathological differences of brains exposed to
methylmercury poisonings have different appearances than those of autistic brains. The most
dramatic difference is that brains involved in methylmercury poisonings are smaller than normal,
while autistic brains are larger.

The final conclusion expressed by Drs. Nelson and Bauman is: “On the basis of current
evidence, we consider it improbable that thimerosal and autism are linked.”

Drs. Nelson and Bauman also make the point that there is no environmental conclusion to
be drawn from the fact of regression, pointing out that even single gene disorders may have a
period of apparently normal development. The dramatic example they cite is Huntington’s
chorea, where 45 years may pass before the onset of clinically recognizable signs. They state
that with autism “the onset of signs in the second year of life does not prove (or disprove) a role
for environmental factors in etiology.”

8. ““Whether there is, or is not, any synergistic biololgical interaction between aluminum
and mercury [in vaceine products] is unknown.’”

The two sentences immediately preceding the one quoted by the Petitioners from the
CBER website puts the aluminum issue in context:

Over a period of 6 months, taking an average weight of 5 kilograms for a child,
this [the ATSDR’s minimal risk level] would translate into an allowed
accumulation of 10.8 milligrams of aluminum. This number is in excess of the
1.5-3.5 milligrams of aluminum that a child would receive from vaccines.

www.fda.gov/cber/vaccine/thimfag.him. That being said, however, we have found no published
research examining the potential for synergistic interactions between aluminum and mercury.
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Mercury levels in blood and brain of infant monkeys exposed to thimerosal
Burbacher TM, Shen D, Liberato N, Grant K, Cernichiari E, Clarkson T (Departments of
Environmental Health and Pharmacy, University of Washington, Seattle, WA and
Department of Environmental Medicine, University of Rochester, Rochester, NY)

Recently, questions have arisen about the safety of thimerosal, an ethylmercury
containing preservative used in some infant vaccines. Current EPA guidelines for
methylmercury exposure (primarily through fish in the diet) have been used to assess the
public heatth risk to children receiving thimerosal-containing immunizations as infants.

. Depending on the exact vaccinations, schedule, and size of the infant, some children may
receive ethylmercury (in the form of thimerosal) approaching or at the EPA guideline
levels. The purpose of this study was to compate the distribution of total and inorganic
mercury in newborn monkeys following thimerosal exposure (via injection) with
newborns exposed to methylmercury (via oral gavage). Infant monkeys were exposed to
thimerosal or methylmercury at birth and at 1,2, and 3 weeks of age. Blood mercury
levels were determined 2, 4 and 7 days after each exposure. Brain mercury levels were
assessed 2, 4, 7 or 28 days after the last (3 week) exposure. Preliminary data indicate that
the half-life of mercury in blood following thimerosal exposure is significantly lower
than the half-life of mercury following methylmercury exposure. Brain levels of mercury
were also significantly lower in the thimerosal group. Thus far, the data indicate that
EPA guidelines for methylmercury exposure may not provide an accurate assessment of
the public health risk to children receiving thimerosal-containing immunizations.
Supported by ES03745.






The Journal of Trace Flements in Experimental Medicine 16:321-343 (2003)
DOT: 10.1002/jtra.10050

Human Exposure to Mercury:
The Three Modern Dilemmas
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INTRODUCTION

Humans have been exposed to many different chemical and physical forms of
mercury, and all are poisonous. Everyone is exposed to mercury generally at
levels that do not elicit overt toxicity. Nevertheless, potential health risks from
today’s low levels of mercury are the subject of intense debate.

Mercury is the only metal that is liquid at room temperature. Its silvery
appearance and mobility as a liquid gained it the name of guicksilver. It is
usually prepared by heating the major ore of mercury, cinnabar. This is a red
often-crystalline compound of mercuric sulfide.

Quicksilver itself is not toxic. Released from a thermometer accidentally bro-
ken in the mouth, it will pass along the gastrointestinal tract to be completely
excreted in the feces without any obvious harm to the patient. Indeed, a couple of
centuries ago the ingestion of a tablespoonful of quicksilver, and in severe cases 2
pounds in four divided doses, was prescribed for the treatment of constipation [1].

Mercury vapor (Hg®) emitted from its liquid form has caused innumerable
cases of human poisonings ever since the time quicksilver was first handled by
humans at least two millennia ago [2]. Today quicksilver is still used in ther-
mometers; electric devices, including fluorescent light bulbs; medical equipment,
such a blood pressure cuffs; and in the chemical industry. Up to 100 tons of
quicksilver are needed as an electrode in a single chlor alkali plant producing
chlorine gas and caustic soda from brine.

The difference in the toxicity of ingested metallic mercury and inhaled mer-
cury vapor was emphasized by Ramazzini in his De Morbis Artificum, published
in 1713:
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“We may marvel at the fact that mercury which is well known 10 be the sole
remedy for worms, in fact for killing worms in children nothing is more
efficacious, and may be administered harmlessly, either infused in water or
decocted or even mixed with some kind of conserve™ while “its fumes and
exhalations are inhaled by the mouth and nose are so deadly that in an instant
almast they all but kill the victim..” [3].

Numerous chemical compounds of mercury have been made over the centu-
ries and found application as medicines, fungicides, and antiseptics. Calomel,
mercurous chloride, was used in children’s teething powders and in laxatives up
to the middle of the 20th century when it was discovered that these practices
caused acrodynia [4]. The child with acrodynia had autonomic instability with
pink sweaty hands and feet, suffered joint pains and was irritable, asthenic, and
pbotophobic. Only about 1 in 500 children exposed to inorganic mercury de-
velops the disease, which is believed to be the result of a hypersensitivity reaction.
The application of organic mercury compounds as fungicides in agriculture ,
caused many mass outbreaks of poisoning in developing countries. Homemade
bread was prepared from seed grain treated with methyl and ethy]l mercury
fungicides. Inadequate warnings accompanied the treated grain. The use of such
forms of mercury has now been internationally banned [5]).

Although patterns of human usage have changed over the centuries, occu-
pational exposure still occurs especially to mercury vapor in the mining opera-
tions, including gold mining [6], the chlor-alkali industry, and in dentistry [7].
Today the general population is primarily exposed to three different forms of
mercury: mercury vapors emitted by dental amalgam fillings, methyl mercury
naturally bioaccumulated in fish, and an ethy] mercury compound, thimerosal,
which is used as a preservative in certain commonly used childhood vaccines [8].

Each of these three forms of mercury has distinct toxicological characteristics
and clinical manifestations. Nevertheless human exposure to these forms of mer-
cury has several characteristics in common: large numbers of individuals are ex-
posed, probably numbering in the billions, no overt clinical cases have becn
reported, and the extent of actual health risks is debatable. Another common
characteristicis that attempts to reduce human exposures may,in themselves, canse
health risks. These three modern dilemmas will be the theme of this presentation.

DENTAL AMALGAM

Dental amalgam by weight 50% mercury along with a2 number of other metals,
mainly silver and copper [7). It was first introduced into dentistry in France
about the middle of the nineteenth century [2]. With a number of subsequent
modifications, it has proved to be superior to any other form of tooth filling and
is inexpensive,

History of Human Health Concemns

Concerns have arisen from time to time over possible health risks from its
mercury content. Such concerns have erupted into outright confrontations be-
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tween the antagonists and protagonists over the continued amalgam use. Three
major confrontations, usually referred as the “amalgam wars,” have so far taken
place. The observation that amalgam releases mercury vapor [9] led to the third
amalgam war that continues 1o this day with increasing intensity.

Mercury vapor has long been known as a cause of human poisoning [10].
When inhaled in high amounts, it will produce a triad of characteristic signs and
symptoms, namely tremor, gingivitis, and erethism. The latter consists of emo-
tional disturbances, such as excessive shyness and aggression. Behavioral
changes bave also been elicited in experimental animals [11}. Although occa-
sional high exposures still occur, the concern today is with low-level chronic
exposures, such as may be found in certain occupations where mercury is still
used. Studies on low-level occupational exposures suggest that mild effects on
the nervous system and kidneys may be found at urinary levels at or about 50 pg
Hg/g of creatinine, with the possibility of effects at urine levels as low as 25 pg
Hg/g creatinine [12]. However, epidemiological studies documenting the 25—50
pg Hg/g of creatinine level are missing,

Current Health Concerns

Amalgam is the major source of inhaled mercury vapor for the general pop-
ulation because levels in both ambient air and drnking water are insignificant
[13]. Urine, blood, and autopsy brain levels correlate with the number of
amalgam surfaces (reviewed by WHO, [12]). Kingman et al. [14] have shown that
approximately 10 amalgam surfaces will raise urinary concentrations of mercury
by 1 pg Hg/L. Thus, amalgam will roughly double urinary mercury levels as
compared with amalgam-free samples. These urinary levels are at least an order
of magnitude lower than those associated with adverse effects from occupational
exposures with one interesting exception.

The prolonged chewing of gum can substantially increase the rate of emission
of mercury vapor. Sallsten et al. [15] have shown that urinary concentrations
may rise to levels close to occupational safe limits. It was estimated that in
Sweden alone over 1000 people might fall into this category. Some may be more
susceptible to the toxic effects of mercury as compared with the “healthier
worker” for whom occupational Jimits are set. Chronic nicotine gum chewers are
the only subgroup of amalgam bearers so far identified that might face a small
risk from the toxic effects of inhaled vapor.

The antagonists in the current amalgam war have taken a different tack in the
argument against amalgam. The specter has been raised that long term low-level
inhalation of mercury vapor from amalgam might cause or may be an exacer-
bating factor in the development of such chronic degenerative diseases as Alz-
heimer’s (AD)), presenile dementia Parkinson’s, and the like. AD has recejved the
most attention because of an early observation that brains of sufferers of this
disease had slightly higher mercury levels than controls [16]. Subsequent studies

* have given mixed support to this finding. Even if it were true, it is possible that

the diseased tissue may just take up slightly more mercury than normal tissue.
Significantly more work has been done on the role of aluminium in AD, but
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similarly there is doubt whether aluminium is respomnsible for AD or its accu-
mulation in neurofibrillary tangles simply depends on a prior happening [17).

Several epidemiological studies have failed to provide any support to a pos-
sible- connection between amalgam mercury and neurodegenerative disease.
These include a long-standing study of 1462 women in Sweden [18), an on-going
Swedish adoption/twin study involving some 587 subjects [19], and a study of 129
nuns aged 75 to 102 years [20]. This latter study included eight different tests of
cognitive function,

Despite the negative epidemiological findings, beth in vitro and in vivo ex-
perimental studies continue to raise the possibility that mercury might play some
role in the development of AD. Such studies, recently reviewed, [8], raise the
possibility that mercury vapor may produce morphological and biochemical
changes in nerve cells similar to those seen in Alzheimer’s.

Conclusions

Other than rare cases of contact allergic reactions, so rare that a dentist may
not see a single case in his or her professional career, no overt cases of mercury
poisoning have been reported over a 150-year period of use. Three epidemio-
logical studies were unable to detect any effects of lifetime exposures on cogni-
tion, memory or presenile dementia. Two extensive clinical trials on amalgam are
now in progress in the most exhaustive effort to date to detect subtle effects on
the nervous system and renal function in children. In the meantime, at least
excessive chewing by amalgam bearers should be avoided.

1t seems likely that as newer and better dental fillings become available, the
use of amalgam will diminish if only for cosmetic reasons. Whether the new
filling materials offer less long-term health risk without lowering the dental
health is a question still to be resolved. Recent evidence suggests that the re-
placement composite materials have cytotoxic and genotoxic activities [21,22].

Those of us with mouths well populated with amalgam-filied teeth also face a
dilemma. Should we have them removed? Molin et al. {23] have shown that blood
mercury levels rise substantially because of exposure to vapor generated by
amalgam removal (Fig. 1). In some cases the plasma level may double before
slowly declining over about 1 year 1o a new steady state level abont half of the
preremoval Jevel. Does this- transient peak level of mercury offer a greater risk
than long term low level exposure?

METHYL MERCURY IN FISH

In 2001 The United States Environmental Protection Agency [24] issued a new
criteria document in which they announced a new upper safe Jevel (the so-called
EPA reference dose) for dietary intake of methyl mercury. The reference dose is

‘five times lower than previous national and international guidelines that have
held sway for some 30 years. This action has once more focused attention on
health risks from methyl mercury in fish. Fish are the major if not only source of
human methyl mercury exposure.
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Fig. 1. Exposure to mercury vapor from amalgam, Installation of amalgam fillings exposes both dental personnel and
patients to mercury vapor. This illustration depicts the removal of dental amalgam by drilling. The amount of vapor
generated by this process causes a temporary rise in the patient’s blood levels as indicated in the indented graph
(adapted from Fig. 1 of Molin et al. 1990 [11]).
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The new EPA reference dose is 0.1 pg Hg/kg body weight/day. The regular
consumption of only one 7 oz can of tuna per week would supply dietary methyl
mercury at a rate close to this reference dose. Although the consumption of
certain species of ocean fish with very high mercury levels, such as shark and
swordfish, has been the subject of health warnings, this is the first time that the
consumption of tuna and other popular species of ocean fish has been ques-
tioned. It is therefore an opportune time to look into the toxicology of methyl
mercury and into the scientific basis of this dramatic reduction in permissible
intake.

History of Human Exposure

The first alkyl (methyl and ethyl) mercury compounds were synthesized in a
chemical laboratory in London in the 1860s [10]. Two of the laboratory tech-
nicians involved in the synthesis were fatally poisoned. This so shocked the
chemical community that alkyl mercury compounds were given a wide margin
for the rest of the century. However, early in the 20th century the potent anii-
fungal properties of the short chain alkyl mercury compounds were discovered,
leading to their application to seed grain, especially for cereal crops. The wide-
spread global use of these mercury compounds was found to be highly protective
of what otherwise would be devastating fungal infections and the loss of the
grain harvest.

Despite this widespread use, few cases of poisoning were reported for the first
half of the 20th century. However, in the late fifties and carly sixties, serious
outbreaks of alkyl mercury poisoning erupted in several developing countries
[25]. These outbreaks were caused by individuals preparing homemade bread
directly from the treated seed grain. The largest, most recent outbreak took place
in rural Iraq in the winter of 1971—-1972 [26). Some 6000 cases were admitted to
hospitals. An epidemiological follow-up suggested that as many as 40,000 indi-
viduals may have been poisoned [27].

In the late fifties, evidence emerged of environmental damage from mercury
treated grain. It was observed in Sweden that predatory birds were developing
neurological disorders. These birds were on the top of a food chain starting with
small mammals consuming the treated grain freshly planted in the felds.
Analysis of feathers from museum-preserved bird specimens indicated a sharp
rise in mercury levels at the date when mercurial compounds were first intro-
duced as agricultural fungicides. Because some of these birds were migratory, it
was possible to show that elevated mercury levels were found only in those
feathers that grew when the birds were in Sweden. _

As a control measure, the Swedish investigators decided 1o check mercury
levels in the feathers of fish-eating birds. It was assumed that mercury level
should be low. To their astonishment, mercury levels were elevated despite the
fact that these birds had no dictary connection with the treated grain (Fig. 2).
The mercury levels in feathers taken from museum specimens exhibited a gradual
but accelerating rise over a period corresponding to the growth of industriali-
zation in Sweden.



Fig. 2. Exposure 1o mercury from fish. The giobal cycle of mercury. Mercury vapor, a stable monatomic gas,
evaporates from the earth’s surface (both soil and water) and is emitted by volcanoes. Arthropogenic sources to the
atmosphere include emissions from ceal burning power stations and municipal incinerators. Mercury vapor has a
residence time of about one year before it is converted to a soluble form and returned in rainwater. It may be
converted back to the vapor form both in soil and in water by microorganisms and re-cmitied to the atmosphere.
Thus mercury may re-circulate for long periods of time. Mercury attached to aguatic sediments is subject to microbial
conversion to methyl mercury whereupon it enters an aguatic food chain. It is avidly bioaccumulated to reach its
highest concentrations in long-lived predatory fish. The indented figure on the right hand side indicates the routes of
transformation to methylmercury as originally suggested by Jernelov [28}. The indented graph on the left depicts the
increase in mercury in feathers of fish-cating birds in Sweden (From Figs. 10—6 in Johnels and Westermark [29).) The
period of time covered by these data corresponds approximately 1o the growth of industrialization in Sweden.
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Eventually this finding led to a landmark discovery on the environmental fate
of mercury, namely that micro-organisms in the aquatic sediments are capable of
converting inorganic to methyl mercury [28,29]. This is the first step in its entry
into our diet. Methy] mercury bioaccumulates in the aquatic food chain, from
plankton to herbivorous fish and finally to the top fish predators, such as shark,
swordfish, and to fish-eating marine mammals. A similar food chain exists in
bodies of fresh water with such species as pike and bass having some of the
highest levels.

The potentia] for bioaccumulation in aquatic food chains was dramatically
demonstrated in two outbreaks of human poisoning in Japan. The Japanese
health authorities in Minamata had been aware for some time that fishermen and
their families were suffering from a neurological disease exhibiting signs of in-
coordination, constricted visual fields, and numbness in the extremities. The
cause was elusive until a visiting physician from Scotland recognized that the
neurological signs and symptoms were similar to cases of occupational methyl .

mercury poisoning he had seen in England in 1939 [30]. Eventually, the source
~ was traced to a factory manufacturing acetaldehyde where an inorganic com-
pound of mercury was used as a catalyst. The producers were unaware that the
synthetic process converted some of the mercury to methyl mercury. Conse-
quently, both methyl and inorganic mercury were discharged into Minamata
Bay. It was difficult to believe that methyl mercury released into a large ocean
bay could be bioaccumulated to such an extent that the fish carried levels of
methyl mercury that would prove lethal when consumed by humans, However,
the amount of mercury discharged from 1932 to 1968 was large and estimated at
456 tons of total mercury [31] and about one ton of methyl mercury [32].

The twin discoveries of biomethylation and bioaccumulation aroused intense
interest in the environmental fate of mercury and in pathways to human expo-
sure. Methyl mercury was soon detected in all species of fish and in fish-
consuming animals. The source appeared to be inorganic mercury biomethylated
by micro-organisms in sediments of both fresh and ocean water. Many an-
thropogenic sources were identified. Chlor-alkali plants discharged inorganic
mercury as waste into rivers, lakes and ocean bays. Paper pulp factories likewise
discharged a variety of mercury compounds used as slimicides. :

Many of these practices have been eliminated but atmospheric contamination
still occurs world-wide because of fossil fuel combustion. Smelting, cement
production, and refuse incineration add to the atmospheric release of mercury
[7}. Contamination of water and air occurs from extensive gold “mining oper-
ations, for example, in the Amazon basin [6]. Large quantities of liquid mercury
are used to extract the sedimentary gold found in riverbeds. Pure gold is re-
covered when the mercury is evaporated from the amalgam by heating. It has
been estimated that over 130 tons of mercury has been released each year to the
Amazon basin alone [33].

The global cycling of mercury. The global cycling of mercury (Fig. 2) begins
with the evaporation of mercury vapor from land and sea surfaces. Volcanoes
can be an important natural source [34). The burning of fossil fuel, especially coal
and municipal waste incineration, are major anthropogenic sources adding to the
atmosphere. Mercury vapor is a chemically stable monatomic gas. Its residence
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time 1n the general atmosphere is estimated to be about 1 year. Thus, mercury
vapor is globally distributed even from point sources. By processes not yet fully
understood, the vapor is oxidized in the upper atmosphere to a water-soluble
ionic mercury, which is returned to the earth’s surface in rainwater. Some of the
mercury in rainfall reaches the aquatic environment, mainly the oceans. About
90% of the total Hg input to oceans is recycled to the atmosphere and less then
10% reaches the sediments. However, 2% is methylated in the biota resulting in
accumulation in the food chain. Only a small fraction is lost to the atmosphere,
mainly as highly volatile dimethyl mercury [35]. The global cycling of mercury
results in the distribution of mercury to the most remote regions of the planet.
For example, environmental mercury levels even in arctic water are similar to
those in more southern latitudes [36].

Absorption, disposition, and excretion. Several recent reviews have given ex-
tensive details on the disposition of methyl mercury in the body [7,24]. A brief
review and update will be given here. About 95% of methyl mercury ingested in
fish is absorbed in the gastrointestinal tract. The exact site of absorption is not
known. 11 is distributed to all tissues, the process being complete in about 30 h.
About 5% is found in the blood compartment and about 10% in brain. The
concentration in red blood cells is about 20 times the concentration in plasma. It
crosses the blood—brain and placental barriers. Levels in cord blood are pro-
portional to but slightly higher than levels in maternal blood. Levels in the fetal
brain arc about five to seven times higher than levels in maternal blood [37].
Brain-to-blood ratios in adult humans and other primates are approximately in
the same range. ’

Methyl mercury avidly accumulates in growing scalp hair. Concentrations in
hair are proportional to simultanecus concentrations in blood but are about 250
times higher. They are also proportional to concentrations in the target tissue,
the brain [37]. Longitudinal analysis of strands of scalp hair can recapitulate past
blood levels [38). Hair and blood are wsed as biological indicator media of methyl
mercury exposure in both the adult and fetal brain (in the latter case, maternal
hair or cord blood). :

Methyl mercury is slowly metabolized to inorganic mercury by microflora in
the intestines and by phagocytic cells. The biochemical mechanisms are up-
known. Although methy! mercury is the predominant form of mercury during
exposure, inorganic mercury slowly accurulates and resides for long periods in
the central nervous system. It is believed to be in an inert form probably in the
form of insoluble mercury selenide (see below).

Urinary excretion is negligible, of the order of 10% or less of total elimi-
nation from the body. Methyl mercury undergoes extensive enterohepatic cy-
climg [39]. It is secreted into bile and partly reabsorbed back into the portal
circulation and thereby returned to the liver. A fraction of the biliary mercury
is converted by microflora to inorganic mercury. The latter is reabsorbed only
to a small extent. Thus, most of the methyl mercury is eliminated from the
body by demethylation and excretion of the inorganic form in the feces. The
processes of biliary excretion and demethylation by microflora do not occur in
suckling animals. The role of these two processes in suckling human infants is
unknown.
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The high mobility of methyl mercury in the body is not the result of lipid
solubility as claimed in some textbooks. Methyl mercury is present in the body as
water-soluble complexes mainly, if not exclusively, attached to the sulfur atom of
thiol ligands. It enters the endothelial cells of the blood-brain barrer as a
complex with L-cysteine. The process is so specific that the complex with the
optica] isomer, D-cysteine is not transported. Structurally the L-complex is
similar to the large neutral amino acid, L-methionine and is carried across the
cell membrane on the large neutral amino acid carrier [40].

Methyl mercury is pumped out of mammalian cells as a complex with reduced
glutathione. For example, it is secreted into bile as a glutathione complex. The
glutathione moiety is degraded in the bile ducts and gall bladder to a dipeptide
and finally to the L-cysteine complex. Presumably in this form it is reabsorbed
back into the blood stream to be returned to the liver thereby completing the
enterohepatic cycle [41,42].

The elimination of methy! mercury from the body approximately follows first |
order kinetics. Half times vary from one tissue to another, but generally fall in
the range of 50 to 70 days when measured as total mercury. However, when
measured as methyl mercury the half time in blood i$ lower, about 44 days taking
into account conversion to inorganic mercury [43). Thus individuals with long
term regular exposure to methyl mercury attain a steady state body burden in
about one year (five half times).

Adverse effects. The major toxic effects of methyl mercury are on the central
nervous system. Its toxic action cn the developing brain differs in both mecha-
nism and outcome from its action on the mature organ so the two actions will be
treated separately {for a detailed review, ref [7]).

The mature central nervous system. Methyl mercury toxicity in adults is
characterized by a latent period between exposure and the onset of symptoms
{26,44]. The period can be several weeks or even months depending on the dose and
exposure period. A dramatic example of latency was the case of severe, ultimately
fatal poisoning of a chemistry professor from exposure to dimethyl mercury [45]. A
single exposure caused by a small spill of the liguid dimethyl mercury took place in
the month of August. The professor continued ber normal professional work
without any apparent ill effects. In November she presented a paper at an overseas
conference. It was not until late December that the first symptoms appeared. Within
a few weeks the full syndrome of severe methyl mercury poisoning became manifest.
Despite many decades of research on methyl mercury toxicology, the mechanism
- underlying this long latent period in still unknown.

Paresthesias, a numbness or a “pins and needles™ sensation, is the first symptom
to appear at the lowest dose [26]. This may progress to cerebellar ataxia, dysarthria,
constriction of the visual fields, and loss of hearing. These signs and symptoms are
caused by a loss of neuronal cells in specific anatomical regions of the brain. For
example, ataxia results from the loss of the granules cells in the cerebellum. The
neighboring Purkinje cells are relatively unaffected.

The mechanism underlying the focal damage to the adult brain is still not es-
tablished withanycertainty. Syversen[46]examined theeffect on protein synthesisin
different areas of the brain of rats poisoned with methyl mercury. Protein synthesis
was inhibited in all three areas studied, the granule and Purkinje cells of the cere-
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beflum, and cells from the cortical areas of the brain. However, protein synthesis
recovered in two types of neurons butnotin the granule cells. These data suggest that
focal damage in the brain depends on interplay between initial insult and repair.
Jacobs et al. [47] pointed to the importance of the repair process in determining
selective damage. Apparently the small granule cells lack the repair systems present
in the other larger cells. Sarafian et al. [48] have suggested that the selective vul-
nerability of cellsin the nervous system may arise from a “critical absence of inherent
protective mechanisms.”

Cellular defenses may be decisive in determining the toxic outcome and de-
serve farther study. Thiol compounds probably play a key role. Resistant cells
have higher levels of the thiol containing peptide, glutathione [49]. Glutathione
also plays a key role in the excretion of methy] mercury (for further discussion,
see ref [48]).

Methyl mercury is converted to inorganic mercury in the brain and autopsy
samples taken years after exposure to methyl mercury reveal that inorganic
species account for most if not all the remaining mercury in the brain [50). It has
been suggested that the long residence time is due to inorganic mercury forming
an insoluble complex with selenium [13]. Moreover, Charleston et al. {517 ob-
served that in the thalamus of monkey, methyl mercury concentration plateaus at
around 12 months exposure while inorganic levels of mercury increased even
after the cessation of exposure to methyl mercury. Based on this observation, the
authors suggested that inorganic mercury may be a proximate toxic form.
However, experiments comparing methyl and ethyl mercury compounds on rats
suggest that the intact methyl mercury is the toxic form. Ethyl mercury, even in
the brain, converts to inorganic mercury more rapidly than methyl mercury but
the Jatter produced more severe damage [52].

Effects on the developing brain. The first indication of the special suscepti-
bility of the developing brain to prenatal exposure to methyl mercury came from
the outbreak of poisoning in Minamata. Mothers with mild symptoms gave birth
to offspring with severe brain damage [53]. The Iraq outbreak confirmed that
severe brain damage can occur from high prenatal exposure. A milder syndrome
was also identified in the Iraq outbreak {54]. Children, apparently normal,
nevertheless had a history of delayed achievement of developmental milestones
and, on examination, exhibited mild neurological abnormalities such as brisk
tendon reflexes. When prenatal exposure was determined from mercury levels in
maternal hair samples, it was possible to construct a dose-response relationship
between peak hair mercury levels in pregnancy and functional developmental
delays in walking and talking and abnormal neurological findings (Fig. 2) [55].

This study was of interest for two reasons. It was the first time that a dose/
response relationship had been established between a dose measured in one
individual, namely, the mother and effects observed in another, namely, her
offspring. It laid the groundwork for further quantitative estimate of prenatal
risks from methyl mercury. This relationship was made possible by the paraliel
between levels of mercury in maternal and fetal tissues. Indeed it was later
demonstrated in another. study that maternal hair levels of mercury were pro-
portional to levels in autopsy samples of brain tissue from infants dying shortly
after birth [37].
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Another unique aspect of the Iraq study was the application of continuous
single strand hair analysis to determine peak levels during pregnancy. By the use
of X-ray fluorescent analysis, it was possible to measure the concentration of
mercury in contiguous 2-millimeter segments of a single strand of maternal hair
thus giving a complete picture of mercury exposure levels during pregnancy.
Moreover, because exposure in Iraq took place over a single short peried of time,
it was possible to fit the hair data with a single compartment model covering both
the rising levels during intake and the exponential fall afterwards. This allowed
the true peak value to be calculated from the curve by fitting all the data points as
opposed to taking the single highest value that would be more prone to error.

The studies of the Iraq outbreak confirmed what had been suspected from the
outbreak in Japan, namely, that the fetal developing brain was more sensitive
than the mature organ. Earlier, 2 Swedish expert group [56] had estimated a
threshold level for effects in adults at about 50 ppm in hair, an estimate con--
firmed by the findings in Iraq [26). This level may be compared to an estimated
threshold as low as 10 ppm for prenatal effects based on Iraq data [55).

In the two outbreaks of methyl mercury poisoning in Japap, there was only
one congenital case of methyl mercury poisoning where the exposure is specifi-
cally known. In Minamata, no specific exposures of congenital patients were
known. However, in Niigata, the poisoning was recognized early and pregnant
mothers with hair levels above 50 ppm were offered abortions [57]. There were 13
mothers who chose to have their babies. One mother with a hair level of 293 ppm
delivered a child with a neurological handicap believed 10 be congenita} poi-
soning [58]. The other 12 mothers bad hair mercury Jevels ranging from 51 to 115
ppm. Their children were examined at age 5 years by a pediatrician and said to be
normal.

As these studies were being conducted and early findings presented at scien-
tific meetings, concern arose that methyl mercury in fish normally consumed in
our diet might present risks of prenatal damage. Several large epidemiological
studies were conducted in people consuming freshwater [59) and oceari water fish
[60,61). Large scale studies are continuing to this day [62,63). These studies have
not yet provided a consistent picture of the lowest prenata] levels that offer a
measurable risk of damage to the developing brain. However, at this time it can
be said that these studies on fish eating populations taken as a whole are still
consistent with the original findings from Iraq that effects may occur in the
exposure range of 10—20 ppm in maternal hair growing during pregnancy.

Mechanism of prenatal damage. Several studies have given some insight into
the mechanism underlying prenatal brain damage. Autopsy brain samples from
the Minamata outbreak indicated a widespread damage to all areas of the fetal
brain as opposed to the focal lesions seen in adult. tissue. Microcephally was also
observed [13]. Autopsy tissue from Iraq also gave invaluable clues to the nature
of prenatal brain damage [64]. The normally ordered parallel arrays of neuronal
cells In the cortex were found to be disrupted indicative of a general disturbance
in neuronal migration and lamination. Moreover, neurons were present such as
Purkinje cells that had failed to migrate to the cerebelium. These findings from
both Japan and Iraq indicated that the most basic processes in brain develop-
ment were affected, namely neuronal cell division, migration and organization.
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Experimental work in animals and in vitro has provided mechanisms ex-
plaining why methyl mercury inhibits both cell division and migration [65—67].
The studies show that the cytoarchitecture first affected at the lowest levels of
methyl mercury is the microtubular system. Intact microtubules are required for
both cell division and migration. Microtubules are formed by a treadmilling
process whereby assembly from alpha and beta tubulin monomers takes place at
one end and disassembly at the other. Apparently methyl mercury blocks the
assembly process, but the disassembly continues unchanged thus Jeading to the
compilete Joss of the microtubule.

Conclusions

A number of epidemiological studies have indicated that the developing brain,
especially during the prenatal stage, is the most susceptible tissue for the toxic
action of methyl mercury in humans. Experimental studies have revealed
mechanisms for the efficient transport to and toxic action on the developing
brain. Nevertheless, the degree of risk in the general population is still specula-
tive with the weight of evidence suggesting 2 maternal hair level during preg-
nancy of 10 ppm or greater is needed. The general population in most countries
averages about 1 ppm although heavy fish consumers may approach or exceed 10
ppm. At issue is the magnitude of the safety factor that should be applied.

In contrast, the health benefits of fish in the diet are well established. The
public health dilemma is whether or not to restrict fish consumption based on the
rather tenuous evidence that levels of methyl mercury currently found in fish
consumers may present a risk to the developing brain. Currently certain national
guidelines identify species of fish with the highest mercury levels as unfit for
consumption. Generally such species have average methyl mercury in edible
tissues exceeding 1 ppm. The dilemma now facing regulatory authorities is to
what extent restrictions should be extended to lower Jevels in fish, thereby af-
fecting the consumption of popular species of fish by the general population.

THIMEROSAL AND ETHYL MERCURY COMPOUNDS

In the late suminer of 1999, concern was expressed by a major professional
pediatric society (the American Academy of Pediatrics) and by the Public Health
Service of the USA about the safety of a mErcury preservative in many vaccine
preparations routinely administered to infants [68]. These concerns arose directly
from a report by Ball et al. [69), 10 be discussed below, that the routine ad-
ministration of vaccines to infants in the first 6 months of life could exceed
USEPA guidelines for safe intakes of mercury and might be related to autism in
children. Within a period of 18 months or so, the mercury preservative had been
removed by the manufacturers from all vaccines destined for use in the United
States.

The mercury preservative has the trade name Thimerosal and has the mo-
lecular formula: CH3CH,—S-C¢H,-COOH. This preservative was introduced



334 Clarkson et al.

into vaccines in the early 1930s and has been used ever since [70]. It was given a
clean bill of health by the US FDA in 1976 [69]. In the meantime, the US EPA
had lowered its allowable safe long-term daily intake for mercury, usually re-
ferred to as the EPA reference dose. As a result, in a more recent review of
Thimerosal by the USFDA, questions were raised about possible health risks,

Mercury in Thimerosal is in the form of ethyl mercury (CH;CH,-Hg™) for
which there is limited toxicological information. Estimates of health risks from
Thimerosal were based on the assumption that ethyl mercury was toxicologically
similar to its close chemical relative methyl mercury (CH;-Hg™) about which a
great deal is known. Thus the latest USEPA guidelines for methyl METCUry were
used.

The concern over health risks from Thimerosal had other consequences. The
administration of certain vaccines was delayed to a later age [71], and groups
long opposed to the use of vaccines now had new ammunition. Autism is usually
first diagnosed in infants about the time of their last vaccination, leading to an |
apparent temporal relationship. Thimerosal attracted attention as the active
agent in vaccines that might be a potential cause [72]. As a result, there is now
intense interest in the toxicological properties of “ethyl mercury especially as
administered to infants in the compound Thimerosal.

History of Human Poisonings

Ethy! mercury compounds were first synthesized in the 19th century in a
chemical laboratory in London [10}. One of these compounds, diethyl mercury, is
highly volatile and readily absorbed in the lungs. As a result of this first syn-
thesis, the unsuspecting chemist inhaled a fatal dose. The publicity associated
with this poisoning served to curtail commercial application of ethyl and the
closely related methyl mercury compounds. However, early in the 20th century,
the fungicidal properties of these short chain alkyl mercury compounds led to
commercial applications in agriculture. For example, they are especially effective
in a plant root disease in wheat caused by Telletia caries and Telletia Joetiida [73].
In fact many different organic mercury compounds were being used to prevent
seed borne diseases of cereal by 1914 [74).

Generally speaking, the ethy! mercury fungicides were used effectively and
safely. However, a number of outbreaks of poisoning occurred in some devel-
oping countries [10). For example, two outbreaks took place in rural Iraq in 1956
and 1960 from the misuse of the fungicide, ethyl mercury toluene sulphonilamide
[74]. The farmers' families prepared homemade bread directly from the treated
grain instead of planting it. Hundreds of cases of severe poisoning occurred,
many of which had a fatal outcome. Cases of ethyl mercury poisoning have also
occurred in China as recently as the 1970s. The exposure pathway was the same
as in Iraq. The farmers consumed rice treated with ethyl mercury chloride [75].

Ethyl mercury in the form of Thimerosal has found wide application in
medicine as a disinfectant. Axton {76] reported case histories of four children and
two adults severely poisoned by accidental exposure. Five of the six cases died.
Rohyans et al. [77] reported a case of severe peisoning from treatment of an
infected ear. Pfab et al. [78] reported on an attempted suicide from drinking a
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solution of Thimerosal resulting in severe poisoning. The treatment of infants
with omphaloceles resulted in high levels of mercury in autopsy tissues [79]. The
only known cases of acrodynia from ethyl mercury was reported by Matheson
et al. [80) in a patient with long term injection of a gamma globulin solution
containing Thimerosal. Acrodynia is mainly a childhood disease that has largely
disappeared due to the discovery in the 1950"s of mercury as its cause [4].

The cases discussed above have been the result of high doses of ethyl mercury
compounds. Lower doses have been associated with rare cases of allergic re-
sponse. lis use as a skin disinfectant has led to cases of contact dermatitis [81,82].

Since the application of ethyl mercury as a disinfectant in vaccines in the
1930s, no clinical cases of poisoning by this route have ever been reported despite
the fact that billions of infants must have been exposed from this source. -
However, cases of hypersensitivity have been reported from its use in vaccines
[83,84}.

Current Heaith Concerns

The estimates of health risk from Thimerosal wére based on the application of
the USEPA reference dose [69]. This reference dose was derived from data in the
lowest observed prenatal exposure to methyl mercury that gave rise to adverse
developmental effects in the offspring in the outbreak of methyl mercury poi-
soning in Iraq [85] and, subsequently, on neuropsychological tests on children
exposed prenatally to methyl mercury in whale meat [86]. The fact that vacci-
nation results only in postnatal exposures must shed some doubt on validity of the
application of this guideline. The assumption that the toxicological properties of
ethyl mercury are identical to those of methyl mercury is also questionable.

Disposition of ethyl versus methyl mercury. Matheson at al. [80] reported on
blood and urine levels in one patient exposed to Thimerosal in long-term in-
jections of gamma globulin. Specifically, they reported on levels of mercury
before and afier one injection of gamma giobulin. The data allow a rough cal-
culation to see if the observed increase in blood level is similar to that expected
from methyl mercury. The injected dose was 0.6 ml/kg containing 50.3 ug Hg/ml
to give a total mercury dose of 30 pg Hg/kg. The disposition parameters for
methyl mercury in adult humans [13] predict that 5% of the dose, 1.5 pg Hg/kg, is
deposited in the blood compartment. The volume of the latter is 70 mL/kg,
assuming the blood compartment is 7% of the body weight. Thus 1.5 pg Hg/kg
would be deposited in 70 mL of blood per kilogram body. weight to give an
increase on concentration of 1.5 x 1000/70 pg Hg/liter = 21 pg Hg/L. The
observed increase was 18 pg Hg/L. This caleulation would suggest that the
disposition of mercury after Thimerosal is not very different from that expected
from methyl mercury.

Stajich et al. [B7] were the first authors to measure disposition of mercury
before and after administration of vaccines containing Thimerosal. They re-
ported on blood levels of mercury before and 48 to 72 h after administration of a
single dose of bepatitis vaccine in the first week of life. Seven were preterm
infants with an average birth weight of 748 g and five were term infants with an
average birth weight of3588 g. Their prevaccination blood levels ranged from
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0.04-0.5 pg Hg/L. The preterm levels rose to an average value of 7.4 pg Hg/L
whereas the term infants attained 2.2 pg Hg/L (Fig. 3).

The question arises whether these levels are similar to those expected from.
methyl mercury. The dose expressed as pg Hg/kg body weight was much higher
in the preterm infants (16.7 pg Hg/kg for preterm versus 3.5 ug He/kg for full
term infants) but the absolute dose was the same for all infants, 12.5 pg Hg. It is
assuming that 5% or 0.625 pg Hg should be deposited in the blood compartment
and that is assumed to be 8% of the infant‘s body weight. Thus, for the preterm
infants, 0.625 pg Hg would be deposited in a blood volume of .08 x 748 = 60 ml
to give a predicted concentration of 0.625 x 1000/60 = 10.4 pg Hg/L. This
compares to an observed increase of 6.8 ug Hg/L. The predicted increase for the
term infants based on methyl mercury is 0.625 x 1000/287 = 2.2. The observed
increase was identical, 2.2 pg Hg/L.

These estimates also suggest that the disposition of mercury after a dose of
Thimerosal is similar to that expected from methyl mercury. However these es-
timates can be regarded as approximate at best. Individual values for each infant
were not reported. The blood levels in samples collected between 48 to 72 h may
not have been the true maximum levels after distribution of the injected dose.

A recent report by Pichichero et al. [88] indicate blood levels of mercury in
infants lower than what would be expected from methyl mercory. These infants,
aged up to 6 months, had received vaccines some of which contained Thimerosal.
Most blood samples were collected one week or more after the last vaccination.
The highest recorded level was 4.1 pg Hg/l. and many were below the detection
limit of about 0.5 ng Hg/L. The authors calculated that the half time in blood
was approximately 7 days, a value considerably smaller than that generally ac-
cepted for methyl mercury of about 50 days [13].

The main difference in design from the Stajick et al. study is that samples were
collected much later after the last dose of Thimerosal. Both studies could be
consistent if ethyl mercury is excreted more rapidly than methyl mercury. The
time after collection of 48 to 72 b is too short for a measurable effect of excretion
on blood ievels in the Stajich et al. study.

In conclusion, it would appear that the initial tissue distribution of ethyl
mercury is similar to that of methyl mercury. However, the residence time in the
body appears to be much shorter such that the potential for accumulation of
mercury after repeated vaccinations in the first six months of life would appear
to be much less than that expected from methyl mereury. A half time of only 7
days as reported by Pichichero et al. [88] would indicate that ethyl mercury
should have virtually disappeared from infant tissues in the uswal two month
interval between vaccinations.

Toxic effects of ethyl versus methyl mercury. Magos et al. [52] compared the
tissue distribution and toxicity of ethyl versus methyl mercury in rats. Five daily
doses of 8 mg hg/kg were given by gavage for five consecutive days. The dif-
ference in the brain damage between methyl- and ethyl mercury-treated rats
demonstrated the importance of the blood—brain barrier against ethyl mercury.
Ten days after the last treatment with equal doses of 10 mg Hg/kg, only methyl
mercuty treated rats had damage in the granular layer of the cerebellum. No
damage was observed in ethyl mercury treated rats. Even a 20% increase in the
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Fig. 3. Exposurc to thimerosal in vaccines. The news media and some authors have claimed that
thimerosal in vaccines poses a health risks to infants. The indented graph depicts the rise in blood
concentration in newborns receiving 2 single shot of hepatitis B vaceine containing 12.5 pg of mercury
(adapted from Fig. 1 of Stajich et al. [87]). The infants of normal body weight experience a rise of only 2
ppb in bleod, welt below toxic levels. However, premature infants of lower body weight can develop blood
levels just in excess of the US EPA reference dose.
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dose (which is near to the letha] dose) of ethy! mercury caused less damage than
seen in methyl mercury treated rats. Similar protective mechanisms were not seen
with respect to body weight, kidney, or spinal root ganglia.

Magos {89] has reviewed the published cases of human poisoning resulting
from exposure to Thimerosal. Severe cases of poisoning can result in the same
neurological signs and symptoms associated with methy! mercury poisoning, for
example, constriction of the visual fields. Ethyl mercury poisoning was charac-
terized by a latent period of several weeks between first exposure and onset of the
first symptom of poisoning as has been observed for methy! mercury. In dis-
tinction from methyl mercury, signs of renal damage were found in severe poi-
soning cases.

A ‘detailed review of case histories on exposure to ethyl mercury including
Thimerosal, allowed Magos to construct a table comparing blood levels at the
time of onset of symptoms. To estimate such blood levels from samples collected
at a later date, he assumed a half time in blood of 50 days. Severe intoxication .
was associated with blood levels in excess of 2000 pg Hg/L with milder intoxi-
cation at 1000 mg Hg/L. Five cases with blood levels in the range of 140 to 650
ng Hg/L had no reported adverse effects. Because of the small number of indi-
viduals, 18 altogether, no statistical evaluation was possible in terms of dose
response relationships. However, the data suggest that ethyl mercury is some-
what less potent in producing neurological signs and symptoms as compared to
methyl mercury where the threshold for adverse effects has been estimated at
about 200 pg He/L [13].

Allergic responses, usuaily by skin application, are well known to occur from
organo-mercurial compounds including Thimerosal [90). Santucci et al. [91] have
demonstrated that contact allergy to Thimerosal is caused by the ethyl mereury
radical and that it is indistinguishable in its allergic reaction from methyl mer-
cury. Goncalo et al. [92] also noted that allergy to Thimerosal was mainly related
to the mercurial component. No allergy was seen to the intact Thimerosal
molecule although some allergic reactions may be the result of the thiosalicylic
acid component.

Allergy to Thimerosal and related mercury compounds does not develop in all
exposed individuals. There is evidence that individuals with certain polymor-
phisms in glutathione transferase genes may be more susceptible to allergic re-
actions to Thimerosal. However, glutathione is necessary for the biliary excretion
of methy! and inorganic mercury [39] and intracellular glutathione is protective
against the toxicity of methyl mercury [49].

Only one case of acrodynia has been reported from exposure to Thimerosal
[80]. This occurred in a 20-year-old man receiving regular gamma globulin in-
fusions containing Thimerosal as a preservative. The total dose was estimated to
be 40 to 50 mg Hg.

Conclusions on Health Risks

Ethy! mercury and therefore thimerosal would appear to be less toxic to
humans than methyl mercury compounds. The primary reason is that the
potential for accumulation from repeated exposure may be lower. Thus esti-
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mates of health risks based on the US EPA reference dose may have over
estimated the risks. However some caution is in order since cthyl mercury
produces at least two toxic effects that methyl mercury does not, namely
kidney damage and possibly acrodynia. The dilemma faced by the physician
today (Fig. 3) is the known and indeed necessary public health benefits of
vaccination versus essentiaily hypothetical risk estimates of brain and kidney
damage from ecthyl mercury. The USA public health authorities have aiready
decided to retire Thimerosal from its 70 years of active service and now rely
mainly on single use vials for vaccines that require no preservative. The World
Health Organization [93] has taken a different view as the need for multiple use
vaccine vials has overwhelming advantages if not absolute needs in developing
countries. ’
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The Toxicology of Mercury — Current
Exposures and Clinical Manifestations

Thomas W. Clarkson, Ph.D., Laszio Magos, M.D., and Gary J. Myers, M.D.

ERCURY HAS BEEN USED COMMERCIALLY AND MEDICALLY FOR CEN-

turies. In the past it was a2 common constituent of many medications. It is

y stll used in bospitals in thermometers and bicod-pressure cuffs and com-

mercially in batteries, switches, and fluorescent light bulbs. Large guantities of metal-

lic mercury are employed as electrodes in the electolytic production of chlorine and

sodium hydroxide from saline. These uses stll give rise to accidental and oceupational
exposures.?

Today, however, exposure of the general population comes from three major soure-
es: fish consumption, dental 2malgams, and vaccines. Each has its own characteristic
form of mercury and distinctive toxicologic profile and clinical symptoms. Denta! amal-
gams emit mercury vapor that is inhaled and absorbed into the bloodsmeam. Dentists
and anyone with an amalgam filling are exposed to this form of mercury. Liguid metallic
mercury (quicksilver) siill finds its way into homes, causing a risk of poisoning from
thevapor and créating major cleanup costs. Hurnans are also exposed to two distinct but
refated organic forms, methyl mercury (CH,Hg*) and ethyl mercury (CH,CH,Hg").
Fish are the main if not the only source of methyl mercury, since it is no longer used as
a fungicide. In many countries, babies are exposed to ethyl mercury through vaceina-
ton, since this form is the active ingredient of the preservagve thimerosal used in vac-
cines. Whereas removal of certain forms of mercury, such as that in blood-pressure
cuffs, will not cause increased health risks, removal of each of the three INajor sources
described in this article entails health risks and thus poses a dilemma to the health pro-
fessional. _

Exposure to mercury from dental amalgams and fish consumption has been a con-
cern for decades, but the possible risk associated with thimerosa) is a much newer con-
cem. These fears have been heightened by a recent recommendation by the Environmen-
tal Protection Agency (EPA) that the allowable or safe daily intake of methyl mercury be
reduced from 0.5 pg of mercury per kilogram of body weight per day, the threshold es-
tablished by the World Health Organization in 1978,2 to 0.1 pg of mercury per kilogram
per day.? :

Table 1 summarizes the clinical toxicologic features of mercury vapor and methyl and
ethyl mercury, It also includes data on inorganic divalent mercury, since this is belicved
to be the toxic species produced in tissues after inhalation of the vapor.s It is also re-
sponsible for kidney damage after exposutre to ethyl mercury, since ethyl mercury is rap-
idly converted to the inorganic form. 12 Inorganic mercury as both mercuric and mercu-

rous salts was also the chief cause of acrodynia, a childhood disease that is now mainly

of historical interest. 2 The elinical symptoms of acrodynia consist of painful, red, swol-
len fingers and toes in association with photophobia, irritability, asthenia, and hyper-
tension. It is believed to be a hypersensitvity reaction.
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Table 1. The Major Clinical Toxicologic Features of Mercury®

Varlable

Route of exposure
Target organ

Local clinical signs

Lungs

Gastrointestinal
tract

Skin

Systemic clinical signs

Mercury Vapor

inhalation

Central nervous system, periph-
eral nervous system, kidney

Bronchialirritation, pneumonitis
{>1000 pg/m* of air}

Metallic taste, stomatitis, gingh-
vitls, increased salivation
{>1000 pg/m? of air)

Inorganic Divalent Mercury Methyl Mercury Ethyl Mercury

Oral : Oral {from fish - Parenteral (through
‘consumnption) vaccines)

Kidney Central nervous system Central nervous

system, kidney

Metallic taste, stomatitis,
gastroenteritis

Urticaria, vesication

acid succinic acid

Kidney Proteinuria [>500 pg/m? ofair)  Proteinutia, tubular necrosis Tubular necrosis
Peripheral nervous  Peripheral neuropathy (>500 Acrodynia Acrodynia
systern pg/m? of air)
Central nervous Erethism {>500 pg/m? of air), Paresthesia, ataxia, visual  Paresthesia, ataxia,
system tremor and hearing loss {>200 visual and hear-
pgfliter of blood) ing loss
Approximate halflife 60 . 40 70 20t
{whole body)
{days)
Treatment} Meso-2,3-dimercaptosuccinic Meso-2,3-dimercapio- Chelators not effective} Chelators not

effectivey

* Data were adapted from Gossel and Bricker Clinical manifestations vary with the degree and length of exposure. The values in parentheses are
the approximate range of mercury concentration in air {expressed as micrograms per cubic meter) and in blood {expressed as micrograms per
liter) associated with the onset of clinical signs and symptoms. Epidemiologic studies that did not use specific end points such as 1Q score in-
dicate a risk of adverse effects {approximately S percent) at lower concentrations [e.g., 25 to 50 ug of mercury vapor per cubic meter and 40 pg
of methy! mercury per liter of blood are associated with an increased risk of prenatal damage to the developing central nervous system).33 In
general, the atmospheric concentration of mercury vapor equals the urinary concentration. The mean urinary concentration in the L1.S. general
population Is 0.72 pg per liter (95 percent confidence interval, 0.6 to 0.3), and the mezn blood concentration is 0.34 pg per liter {95 percent con-
fidence interval, 0.3 to 0.4).8 In Europe? and other parts of the world,* blood concentrations appear to be somewhat higher. The mean urinary
concentrations increase according to the number of dental amalgam surfaces, and blood concentrations increase according to the level of fish
consumption.® No reliable duts are availabie on the concentration of inorganic divalent mercury associated with adverse effects..

1 The half-life in blood is about 20 days in adults but may be zs short as 7 days in infants,

1 Denails of meso-2,3-dimercaptosuccinic acid treaiment have been published,»2

§ Chelators can remove methyl and ethyl mercury from the body; they cannot reverse the damage to the central nervous system. They may, how-

ever, prevent further deterioration.32

- .

MERCURY YAPOR
FROM DENTAL AMALGAMS

Dental amalgams have been in use for over 150
years. They are inexpensive and thought to be more
durable and easier to use than other types of fillings.
The amalgam consists of approximately 50 percent
mercury combined with other metals such as silver
and copper. Since their introduction, dental amal-

gams have been a source of controversy because of

the assurmed health risks of mercury. The arguments
between the protagonists and antagonists have
been referred to as the “amalgam wars” and became

more heared around 1970 with the discovery that
amalgams can release mercury vapor into the oral.
cavity in concentrations that are higher than those
deemed safe by occupational health guidelines.
Subsequently, it was realized that the actual in-

"haled dose was staall, owing to the small volume of

the ora] cavity. Nevertheless, amalgam fillings are
the chief source of exposure to mercury vapor in the
general populaton.® Brain, blood, and urinary con-
centrations correlate with the number of amaigam
surfaces present. It has been estdmated that 10 amal-
gam surfaces would raise urinary concentrations by
1 pg of mercury per liter, roughly doubling the back-

1732 N ENGL ] MED 34918 www.NEJM.ORC OCTOBER 3O, 200}
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ground concentrations.2> Higher urinary concen-
trations are found in persons who chew a greatdeal.
For example, the long-term use of nicotine chewing
gum will rajse urinary concentrations close to ocey-
pational health limits.1$ The removal of amalgam
fillings can also cause temporary eievations in blood
concentrations,?” since the process transiently in-
creases the amount of mercury vapor inhaled,
What is the health risk from such exposures?

Cases of poisoning from inhalatdon of mercury va-’

por have been recognized for centuries.?® Severe
cases are characterized by a wiad of intentional
wemor, gingivitis, and erethism (Table 1}, Erethism
consists of bizarre behavior such as excessive shy-
ness and even aggression. The Mad Hatter in Alice in
Wonderland was probably 2 victim of occupational
mercury intoxication.

Today's occupational exposures, such as in the
dental office, are lower and may lead to mild, revers-
ible effects on the kidney or mild cogritive changes
and memory loss.> However, urinary concentrations
in people with amalgams (about 2 to 4 pg of mercu-
ry per liter) are well below concentrations found in
people who are occupadonally exposed to mercury
(20 to 50 pg of mercury per Bter) unless they are
also excessive chewers. Current concern arises from
claims that long-term exposure to low concentra-
dons of mercury vapor from amalgams either causes
or exacerbates degenerative diseases such as amyo-
trophic lateral sclerosis, Alzheimer's disease, mult-
ple sclerosis, and Parkinson's disease. Speculation
has been most intense with respect to Alzheimer's
disease after a report that the brains of patients with
Alzheimer’s disease had elevated mercury concen-
trations. However, several epidemiologic invest-
gatons failed to provide evidence of a role of amal-
gam in these degenerative diseases, including a
long-term stdy of 1462 women in Sweden,® an
ongoing Swedish twin study involving 587 sub-
jects,2° and a study of 129 nuns 75 to 102 years of
age, which included eight tests of cognitive func-
tion.2* Nevertheless, in vitro stndies have indicated
that mercury can affect the biochemical processes
believed to be involved in Alzheimer's disease. 2 The
probletn is that mercury can inhibit various bio-
chernical processes in vio without having the same
effect in vivo. :

Patients who have questions about the potential
relation between mercury and degenerative diseases
can be assured that the available evidence shows no
connection. Some will ask whether their mercury
fillings should be removed. They should be remind-

ed that the process of rernoval generates mercury
vapor and that blood concentrations will subse-
quently rise substantially before they eventally de-
cline.1? There is no clear evidence supporting the
removal of amalgams.,

MERCURY YVAPOR FROM
QUICKSILVER IN THE HOME

Recent attempts by power companies to replace
pressure-control devices for the domestic gas sup-
ply have led to spills of liquid mercury, affecting
some 200,000 homes in one incident.2 Spills of
liquid mercury in the home carry a risk of vapor in-
halation. Quicksitver is an atractive play object for
children and is found in many homes, especially in
developing countries. High levels of exposure o
mercuty vapor can result from the cultural and refi-

gious use of elemental mercury, including sprin- -
Wing mercury on the floor of 2 home or car, burning’ '

itin a candle, and mixing it with perfume.?*
Infants and young children, whose breathing
zones are closest to the floor, are at highest risk,
since mercury vapor is heavy and tends 1o form lay-
ers close to the floor. Ingested liquid roercury passes
through the gastrointestinal tract essentially unab-
sorbed. Centuries 2g0 a tablespoonfil of quicksilver
was used to treat constipation.?s It arguably repre-
sents one of the first uses of gravity in medicine.

METHYL MERCURY

Among humans, the sole source of exposure to
methyl mercury is the consumption of fish and sea
marnrmals. Methyl mercury is produced environ-
mentally by bicmethylztion of the inozganic mer-
cury present in aquatic sediments (Fig. 1). It accu-
mulates in the aquatic food chain and reaches its
bighest concentations in Jong-lived, predatory fish
such as swordfish and shark in the oceans and pike
and bass in fresh water. Concentrations of mercury
in ambient zir and water are too low to pose a seri-
ous risk to the general population.

EXPOSURE IN ADULTS

Cases of severe, even fatal, methyl mercury poison-
ing date back to the 1860s in England, when such
mercurials were first synthesized.?® Subsequent
cases arose through occupatonal and dietary expo-
sures. Several large outbreaks were caused by the
consumption of bread mistakenly made from meth-
yl mercury—coated seed grain; for example, an out-
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Figure 1. The Global Cycle of Mercury.

In nature, mercury vapor {Hg?), a stable monatomic pas, .
evaporates from the earth's surface {both soil and water)
and is emitted by volcanoes (Panel A). Arthropogenic
sources include emissions from cozl-buming power sta-
tions and municipal incinerators. After approximately
one year, mercufy vapor is converted 10 a soluble form
{Hg**) and retumed 1o the earth In rinwater. It may be
converted back to the vapor form both in soll and in wa-
ter by microorganisms and reemitted Into the atmos-
phere. Thus, mércury may recirculste for long periods.
Mercury attached to aquatic sediments is subject to mi
croblal conversion to methyl mercury (MeHg), whereup-
on it enters the aguatic food chain. It reaches its highest
concentrations in long-lived predatory fish, such as
sharks. Panel B indicates the routes of transformation to
methy] mercury 2s originally suggested by jemelov.*s
Panel C deplcts the increase In'mercury concentrations
in feathers of fish-eating birds In Sweden:2? The pericd
covered by these data corresponds approximately to the
growth of industrialization in Sweden.-

break in 1971 and 1972 in Iraq cansed hundreds of
deaths and thousands of cases of severe intoxica-
tion.?® The industrial release of methyl mercury into
Minamata Bay and the Agano River in Japan resulted
in the accumulation of the toxicant in fish and, sub-
sequently, in two large epidemics refated to fish con-
sumpton.3® Overt cases of poisoning are now rare.
In the United States, the only reporzed cases in the
past 35 years involved a family that consumed the
meat of a pig fed treated grain3? and 2 university
professor who was accidentally exposed in the lab-
oratory.3?

The brain is the primary target tissue. Adults

present with paresthesias of the rircumoral area and
hands and fect, followed by visual-Geld constriction
and ataxia. Neuropathological examination reveals
regional destruction of nevrons in the visual cortex
and cerebellar granule cells. There is usually 2 latent

- period of weeks or months between exposure and

the onset of symptoms.
Several studies have reported statistical associa-
tons between cardiovascular disease and mercury,

mostly in the form of methyl mercury. Ope study

found a direct reladon between mercury concentra-
tions and the risk of myocardial infaretion, 32 where-
as a nested case—control study of more than 300,000
health professionals found no such association.??
A third study, from eastern Finland, where the con-
sumption of saturated animal fat is high, found an

association, but the authors suggested that their”

finding might be specific to the region.34.25 A fourth

A The Global Cycle of Meraury

. Biomethylation .
Diphenyl-Hg  Dirnethyi-Hg
Phenyl-Hg*

Elemental Hg

C Increase in Mercury in Fish-Eating Birds

W Osprey [] Great crested grebe

Mercury In Feathars (pg/kg)

Year

study among seven-year-old children on the Faeroe
Islands found that blood pressure was increased
when the blood mercury concentration was below
10 pg per Biter but not when it was higher.3¢ “Con-
trary to expectation,” as the authors stated, “this as-
sociadjon occurred within an exposure range char-
acteristic of communities not depending on matine
food" such as the United States 37 They also pointed
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out that “the average birth weight in this fishing
community is the highestin the world and therefore
the community may represent a unique setting.”
Thus, firm conclusions about cause and effect
cannot beyet made, since cardiovascular disease has
multiple risk factors (e.g., family history, stress, di-
etary habits, smoking, alcohol use, diabetes, and so-
cioeconomic status). The rescarchers themselves
recognize this complication and use exiensive sta-
tistical measnres to correct for these factors. Pro-
spective studics are needed to settle this issue. 3

PRENATAL EXPOSURE
The fetal brain is more susceptible than the adult
brain to mercury-induced damage. Methyl mercury
inhibits the division and migration of neuronal cells
and disrupts the cytoarchitecture of the developing
brain. In the past 15 years or so, epidemiologic stud-
ies have focused on the effects of prenatzl expo-
sure.>*! As a consequence of these epidemiologic
data, the EPA reduced the allowable intake of methyl
mercury from 0.5 to 0.1 pg of mercuzy per kilogram
per day.#2 This threshold is lower than those used by
. other regulatory agencies. Moreover, it ranslates
into 2 weekly consumption of one 198-g (7-oz) can
of tuna for an adult. Given that canned tuna is the
cheapest and most widely consumed fish in the
United States and is approved by the American Heart
Association as part of z diet low in saturated fat and
cholesterol, the debarte aver the safety of minz and
fish in general will continue with some intensity.

It is reassuring that the only clinical reports of
mercury poisoning from fish consumption are
those from Japan in the 1950s and 1960s.2 The EPA
guideline is derived from reports of subtle and
small neuropsychological changes in children in the
Faeroc Islands study, whose exposure was mainly
from whale consumption.?¢ A similar study in the
Seychelles found no adverse effects from fish con-
sumption alone.** The majority of the general pop-
ulztion in the United States has levels of exposure
well below the EPA guideline, but 8 percent or so
have levels that are slighdy higher. Although a Na-
tional Academy of Sciences committee reported that
60,000 children in the United States were at risk as
a result of prenaral exposure,*2 they failed to provide
anyjustification or explanation for that conclusion.

Fish consumption has clear health benefits, and
the risk posed by exposure to mercury is currently
speculative. The Foed and Drug Administraton
has recommended that pregnant women, nursing
mothers, and young children avoid eating fish with

a high mercury content (>1 ppm), such as shark,
swordfish, tlefish, and ling rmackerel. Because

‘whale meat contains up to 3 ppm of mercury, about

half of which is in the form of methyl mercury,+*
consumption of whale meat should also be dis-
couraged.

THIMEROSAL IN VACCINES

Thimerosal has been used as a preservative in many
vaccines since the 1930s.4546 At concentrations
found in vaccines, thimerosal meets the require-
ments for a preservative set forth by the U.S. Phar-
macopeias? -~ thatis, itkills the specified challenge
organisms and can prevent the growth of the chal-
lenge fungi. It contains the ethyl mercury radical
{CH5CH,Hg") attached w the sulfur group of
thiosalicylate and is believed to behave toxicologi-

cally like other ethyl mercury compounds. Early tox-
icity studies found no adverse health effects; recent- *

ly, however, Ball et al. reevaluated thimerosal by
2pplying the revised EPA guideline for methyl mer-
cury to ethyl mercury.42 They calculated that infants
undergoing the usual U.S. program of vaccines from
birth to six months of age would receive more than
0.1 pg of mercury per kilogram per day.® Steps were
rapidly taken to remove thimerosal from vaccines
by switching to single-dose vizls that did not require
any preservative. This process is now virually com-
plete in the United States. The decision itself is re-
markable, and the speed of execution even more
50*%; however, the EPA guideline is based on epide-
miologic data on prenatal exposure to methyl mer-
cury rather than postnatal exposure to ethy] mercu-
ry; Ethyl mercury has some similarities to methyl
mercury. They are closely related chemically, bavea
similar inigal disaibuton in the body, and “cause
similar types of darnage to the brain in toxic doses.
They also have differences, Methyl mercury is
more potent. Ethyl mercury is metabolized more
rapidly to inorganic mercury; perhaps this is why
ethyl mercury, unlike methyl mercury, causes kidney
damage in humans. Of preater importance s the re-
cent finding that the half-life of ethiyl mercury in
the body is much shorter.5¢ The half-life of methyl
mercury in biood, which is assumed w indicate the
total body burden, is usually assumed to be about
50 days.5? In contrast, in children receiving thime-
rosal in vaccines, the half-life of ethyl mercury in
blood was 7 to 10 days, or 24 to *4 as Jong as that of
methyl mercury.s¢ Therefore, in the two-month pe-
riods between vaccinations {at birth and at two,
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four, and six months), all of the mercury should have
been excreted, so that there is ho accumulation,
Given the short halfife of ethyl mercury, any
risks of its damaging either the brain or kidneys
would seem remote. A World Health Organization
advisory committee recently concluded that it is safe
to continue using thimerosal in vaccines.52 This is
especially important in developing countzies, where
the use of a preservative is essential in multidose
vials. The known risk of infecdous diseases far ex-
ceeds that of the hypothetical risk of thimerosal.
Claims have been made that thimerosal in vaccines
may be a cause of autism and related disorders, but

stodies testing that theory have yet o be performed.

All forms of mercury have adverse effects on
health at high doses. However, the evidence that -
exposire to very low doses of mercury from fish
consumption, the receipt of dental amalgams, or
thimerosal in vaccines has adverse effects is open
towide interpretation. Moreovet, attempts ko reduce
such exposure may pose greater health risks than
those hypothesized w occur from mercury.
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Thimerosal in Childhood Vacéines,
Neurodevelopment Disorders, and
Heart Disease in the United States

Mark R. Geier, M.D.,Ph.D.
David A. Geier

Abstract

In this study, we evaluated doses of
mercury from thimerosal-containing
childhood immunizations in compari-
son to US Federal Safety Guidelines
and the effects of increasing doses of
mercury on the incidence of
neurodevelopment disorders and
heart disease. This study showed that
children received mercury from this
source in excess of the Federal Safety
Guidelines for the oral ingestion of
methylmercury. Our analyses showed
increasing relative risks for
neurodevelopment disorders and
heart disease with increasing doses of
mercury. This study provides strong
epidemiological evidence for a link
between mercury exposure from
thimerosal-containing childhood
vaccines and neurodevelopment
disorders.

Introduction

Many sources now confirm an autism
epidemic in the United States. The
prevalence of autism has risen from one in
about 2,500 children in the mid-1980s to

one in about 300 children in 1996."

Several studies report that there is an
association between mercury exposure and
an increased risk of heart disease.’'* Many
in the scientific/medical community have,
initially, been highly skeptical that
thimerosal, an ethylmercury preservative,
in childhoed vaccines could be associated
with neurodevelopment disorders.

Thimerosal is an organic mercury
compound. It is metabolized to
ethylmercury and thiosalicylate and has
been present since the 1930s as a preserva-
tive in many vaccines and pharmaceutical
products to prevent bacterial and fungal
contamination.

In 2001, the Institute of Medicine
(TOM) of the US National Academy of
Sciences concluded that the hypothesis that
exposure to thimerosal-containing
vaccines could be associated with

6

neurodevelopment disorders is mnot
established and rests on indirect and
incomplete information, primarily from
analogies with methyimercury and levels of
maximum mercury exposure from vaccines
given in children. They concluded that the
hypothesis is biologically possible, but the
possible relationship between thimerosal
from vaccines and neurodevelopment
disorders of autism, attention defi-
cithyperactivity disorder (ADHD), and
speech or language delay remained
seriously suspect.’

Since the publication of the IOM report,
we published the first epidemological
evidence showing a direct association
between thimerosal-containing ‘childhood
vaccines and neurodevelopment disorders
in children.” We showed that there was
from a 2 to 6-fold increased incidence of
peurcdevelopment disorders following an
additional 75-100pg dosage of mercury
from thimerosal-containing c¢hildhood
vaceines in comparison to thimerosal-free
childhood vaccines.

As the first part of this study, we
evaluated the doses of mercury that
children received from thimerosal-
containing vaccines, as part of the routine
US childhood immunization schedule, in
comparison to the US Federal Safety
Guidelines for the oral ingestion of
methylmercury. In 1999, the US Food and
Drug Administration (FDA) determined
that under the recommended childhoed
immunization schedule infants might be
exposed to cumulative doses of
ethylmercury that exceed some federal
safety guidelines established for the oral
ingestion of methylmercury.”

Secondly, in order to analyze the effects
of thimerosal in vaccine recipients, we
analyzed the incidence rates of
neurodevelopment disorders and heart
disease reported following thimerosal-
containing vaccines in comparison to
thimerosal-free vaccines based upon
analysis of the Vaccine Adverse Events
Reporting System (VAERS) database. We
analyzed thimerosal-containing
Diphtheria-Tetanus-whole-cell-Pertussis
(DTwcP) and Diphtheria-Tetanus-
accllular-Pertussis (DTaP) vaccines in
comparison to thimerosal-free DTaP
vaccines.

Journsal of American Physicians and Surgeons Volume§ Number I

Finally, we analyzed data from the US
Department of Education on the number of
children of various ages in US schools who
were reported with various types of
disabilities in comparison to the mercury
dose that children received from thimerosal
in their childhood vaccines.

Methods

EPA/FDA Exposure Limits

In this stody, the amount of mercury
children received as part of their routine
childhood immunization schedule and the
EPA and FDA maximum permissible doses
for the oral ingestion of methylmercury
were determined from the IOM report.’
The maximum permissible doses for the
oral ingestion of methylmercury by the EPA
and FDA are 0.1 pg /kg body weight/day
and 0.4 pg /kg body weight/day, respec-
tively. The average size of infants at various
ages was determined from Geigy Scientific
Tables.'®

The VAERS Database

The incidence of neurodevelopment
disorders and heart disease following
thimerosal-containing DTaP and DTwcP
vaccines in comparison to thimerosal-free
DTaP vaccines was based upon analysis of
the VAERS database, using Microsoft
Access.®

The VAERS database is am
epidemiologic database maintained by the
Centers for Disease Control and Prevention

(CDC)since 1990. All adverse reactions are

to be reported to the VAERS database as
required by US law. The CDC requires
written and telephonic confimation of
serious adverse reactions and follows up
these patients one year later. The FDA
inquires into deaths reported to the VAERS
database by contacting the patient's
healthcare provider and physician. The
FDA also continually monitors reports to
the VAERS database to determine whether
any vaccine or vaccine Jot has a higher than
expected incidence rate of events. The
VAERS Working Group of the CDC, the
FDA, and we analyze and publish
epidemiologic studies based upon apalysis
of the VAERS database.
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The neurodevelopment disorders and
heart discase conditions we analyzed were
autism, speech disorders, and heart arrest.
These categories of adverse events were
based upon descriptions of adverse
reactions by those reporting them and by
defined fields contained in the VAERS
database. In addition, as contro] adverse
events we analyzed the number of febrile
seizures, fevers, pain, edema, and vomiting
following each of the vaccines under study.
We determined the number of each type of
adverse event reported following doses for
two groups of patients, the first receiving an
average of 37.5 pg of mercury and the
second, an average of 7.5 pg of mercury.
This grouping allowed us to be able to
ascertain larger numbers for our analyses.

We hypothesize that DTaP or DTwcP
vaccines, whether containing thimerosal or
not, should have a similar incidence rate of
adverse events.- The assumption of similar
reactogenicity following the vaccines
under study forms the basis of our null
hypothesis. '

We analyzed DTaP and DTwcP
vaccines by manufacturer, so that we could
compare thimerosal-containing DTzP and
DTwcP vaccines administered from 1992
through 2000 against thimerosal-free DTaP
vaccines administered from 1997 through
2000. We used denominators obtained from
the Biological Surveillance Summaries of
the CDC to determine the number of doses
of each manufacturer administered. Based
upon this informnation, we were able to
calculate incidence rates of adverse events
following vaccination.

We are precluded from giving incidence
rates, the number of doses administered, or
types of DTaP or DTwcP vaccine, because
this information could reveal the identities
of the manufacturers and the CDC claims
that this information is proprietary.”

We compared the incidence rates of
adverse events following thimerosal-
coptaining DTaP and DTwcP vaccines
against thimerosal-free DTaP vaccines in
order to determine relative risk. The
relative risk value was obtained by dividing
the incidence rate of the adverse event
following thimerosal-containing DTaP or
DTwcP vaccines by the incidence rate of
the adverse event following thimerosal-free
DTaP vaccines. The relative risks of the
adverse events analyzed were plotted
against the amount of mercury that each
child had received. By definition, since we
assume that the populations under study are
similar and we are tracking only the amount
of mercury that children received from the
thimerosal-containing or thimerosal-free
vaccines under study, the initial point
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Permissible EPA

Permissible EPA Permissible EPA
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Age Dose ) Dose ' Dose _ Dose
(months) (micrograms) {micrograms) {micrograms) (micrograms)
(Ave weight in Kg) {Avc weight in Kg) (Avc weight in Kg) -
0 125 0.262 0.330 0.404
i (2.62) (3.30) {4.04)
Lnstantaneous
Relative - 48 38 31
Excess
0417
2 625 4.17) (4.86) (5.58)
instantaneous
Relative - 150 129 112
Excess
0.552 0.654 0.760
4 62.3 (5.52) (6.54) (7.60)
Instantaneous
Relative - 113 %6 82
I Excess

Instantanecus
Relative
Excess

64 57

13 5 (9.18) (10.5) (123
Instantaneous
Relative - 27 24 20
Excess
I
1.40 1.86 2.32
60 23 (14.0) (18.6) (23.2)
Instantaneous
Relative - 18 13 1
Excess

Table 1. A summary of the instantaneous mercury exposure levels of US infants at various
times as part of their childhood immunization schedule in comparison to the maximum daily

EFA established limits.

analyzed was zero micrograms of mercury
and had arelativerisk of one.

United States
Department of Education Report

The 2001 US Departient of Education
report was analyzed to determine the
number of children at various ages who had
developed various conditions.” The
conditions analyzed included: autism,
speech disorders, orthopedic impairments,
visual impairments, and deaf-blindness.
We determined the prevalence of each of
these conditions based upon the number of
births in each birth cohort as per the CDC's
yearly live birth surveillance data.’”The
birth cohort years analyzed were 1984,
1985,1990, 1991, 1992, 1993, and 1994.

We then calculated the amount of
mercury that had been administered on
average to each child in a birth cohort,
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based upon the Biologic Surveillance
Summaries of the CDC. Then the preva-
lence of the various conditions analyzed
was plotted against the amount of mercury
thateach child received.

Results

Table 1 presents a summary of the
instantaneous mercury exposure of US
infants at various times as part of their
childhood immunization schedule in
comparison to the EPA established limits.
This table shows that the instantanecous
relative excess mercury that US children
received from their childhood immuniza-
tions ranged from 11 to 150-fold at a given
age in comparison to the US EPA safety
guidelines for the daily maximum oral
ingestion of methylmercury. In addition,
these data show that children received an
instantaneous relative excess mercury
doses in comparison to the FDA safety
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guidelines for the oral ingestion of
methylmercury, ranging from 2.7 to 37-fold
atagivenage.

Figure 1A plots the relative risk of
speech disorders, autism, and heart arrest
reported after thimerosal-containing DTaP
in comparison to thimerosal-free DTaP
vaccines for increasing doses of mercury,
We found that the data points for each
condition closely followed exponential
distributions.

Figure 1B plots the relative risks of
febrile seizure, fever, pain, edema, and
vomiting reported after thimerosal-
containing DTaP in comparison to
thimerosal-free DTaP vaccines. We found
that administration of thimerosal-

containing DTaP vaccines slightly raised
the rate of adverse events compared to
thimerosal-free DTaP vaccines, but the
increased relative risks did not correlate
with the total amount of mercury the
children received.

Figure 2A shows the relative risk of
speech disorders, autism, and heart arrest
reported after thimerosal-containing
DTwcP in comparison to thimerosal-free
DTaP vaccines for increasing dosage of
mercury. We found that the data points
closely followed exponential distributions.

Figure 2B shows the relative risk of
febrile seizure, fever, pain, edema, and
vomiting after thimerosal-containing
DTwcP in comparison to thimerosal-free
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DTaP vaccines for different mercury doses.
We found that administration of
thimerosal-containing DTwcP vaccines
significantly raised the rate of adverse
events compared to thimerosal-free DTaP
vaccines, but the increased relative risks did
not correlate with the total amount of
mercury the children received.

Figures 3A-B show the prevalence of
autism and speech disorders as a function of
the mercury dose that children received
from thimerosal contained in their child-
hood vaccines. We found that the condi-
tions analyzed closely followed linear
distributions with an increase of about ene
case of autism per 100,000 children for
every microgram present in childhood
vaccines and about one case of speech
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disorders per 1,000 children for every 3 pg
of mercury presentin childhood vaccines.

Figure 3C shows the prevalence of the
control disabilities of visual impairment,
deaf-blindness, and orthopedic impairment
as a function of the mercury dose that
children received from thimerosal con-
tained in their childhood vaccines. We
found that the prevalence of these condi-
tions did not correlate with the increasing
total amount of mercury the children
received.

Discussion

It 1s clear from our analysis, shown in
Table 1, that US infants are exposed to
mercury levels from their childhood
immunization schedule that far exceed the
EPA and FDA-established maximum
permissible levels for the daily oral
ingestion of methylmercury. The fact that
mercury in the vaccines is given by
injection rather than by oral ingestion only
makes the exposure levels worse because
Geier et al. showed that the distribution of
foreign particles in mice reached several-
logs higher concentration in organs
following intravenous or intramuscular
injections than via oral ingestion.' *

Our previous studies comparing DTaP
with and without thimerosal have shown a
statistically and clinically significant
increase in neurodevelopment disorders in
those vaccinated with thimerosal-
containing vaccines.! Our current study not
only shows that those vaccinated with
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thimerosal-containing DTaP and DTwcP
have higher rates of speech disorders,
autism, and heart arrest overall, but also
that the relative risk of each of these
disorders correlated with increasing doses
of mercury contained in childhood
vaccines, as illustrated in Figures 1A and
2A. Figures 1B and 2B show that exposure
to increasing doses of mercury is mot
correlated to acute vaccine adverse events
including febrile seizures, fever, pain,
edema, or vomiting.

Our demonstration of a significant
overall increase in the relative risks of acute
adverse events following DTwcP vaccine
when compared to thimerosal-free DTaP
vaccine is not surprising since our previous
studies have shown that DTwcP vaccines
are far more reactogenic than DTaP
vaceines.” * ' Bowever, we observed that

- only those events for which causation by

thimerosal is biologically plausible were
found to be correlated with the mercury
levels childrenreceived in their vaccines.
Our analyses of a completely independ-
ent source, the US Department of
Education's report on the prevalence of
various childhood disease among school
children of various ages, showed autism
and speech disorders were correlated with
increasing mercury from childhood
vaceines, as shown in Figures 3A-B. No
correlation was seen berween increasing
mercury exposure from childhood vaccines
and the prevalence of visual impairments,
deafness-blindness, or orthopedic impaiz-
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ments, as shown in Figure 3C.

The lack of correlation between acute
events and increasing mercury exposure
levels in the VAERS data argues against
reporting bias or differences in the vaccines
themselves and argues for the specific
effects of thimerosal on neurodevelopment
disorders and heart disease. Likewise, the
lack of correlation between visual impair-
ments, deaf-blindness, or orthopedic
impairments and the increasing mercury
exposure levels in the US Department of
Education data also argues for the specific
effects of thimerosal in childhood vaccines
on the prevalence of autism and speech
disorders.

As an additional epidemiological
confirmation of our findings, we analyzed
the CDC's Phase 1 Thimerosal Vaccine
Safety Datalink (VSD) data.’” We found
this data showed that the increasing relative
risk of developmental neurologic disorder,
autism, speech disorder, and attention
deficit disorder all closely followed
exponential distributions with increasing
mercury levels from the thimerosal that
children received as part of their childhood
Immunizations.

We conducted a MEDLINE (1966-
2003) search for the terms merthiolate and
thimerosal and found almost 1,500
references, primarily about various adverse
outcomes following exposure. Of particu-
lar interest, Bernard et al. have compared
the similar biological abnormalities
commonly found in autism and the
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corresponding  pathologies arising from
mercury exposure.’ * Distinct similarities
were found between autism and mercury
exposure in their effects uponbiochemistry,
the immune system, the central nervous
system structure, neurochemistry, and
neurophysiology.

A study performed by Magos et al. in
rats compared the effects of the administra-
tion of similar doses of ethylmercury and
methylmercury.’ * They found that higher
concentrations of inorganic mercury in the
kidneys and brain were present in
ethylmercury-treated rats compared to
methylmercury-treated rats. They deter-
mined that there was little difference in the
neurotoxicity found in ethylmercury and
methylmercury-treated rats when cffects on
the dorsal root ganglia or coordination
disorders were compared. The authors also
determined that microgram quantities of
organic mercury alone in the rat brain were
in some cases associated with
neurotoxicity, indicating that the presence
of inorganic mercury was not necessary for
neurotoxicity.

1t has been reported that administration
of thimerosal results in the immediate
release of ethylmercury to the surrounding
tissues.” * The reason for this stems from the
fact that thimerosal contains the
ethylmercury radical attached to the sulfur
atom of the thiol group of salicylic acid.
Generally, mercuric ions bind tightly but
reversibly to thiol ligands.”" It is likely,
therefore, that the ethylmercury cation will
dissociate from the thiosalicylic acid
moiety immediately after injection to bind
to the surrounding thiol ligands present in
greatexcess in tissue proteins.” *

Rapid deposition of ethylmercury in
tissues following administration of
thimerosal from vaccines is suggested by a
recent publication by Pichichero et al.®’
The authors examined the concentrations of
mercury in the blood, urine, and stool from
3 to 28 days following thimerosal-
containing vaccines in 40 full-term infants
aged 6 months and younger in comparison
to 21 control infants receiving thimerosal-

" free vaccines. The mean mercury doses of
the infants exposed to thimerosal were 45.6
kg {range 37.5-62.5) for 2-month-olds and
111.3 pg (range 87.5-175.0) for 6 month-
olds. Blood mercury in thimerosal-exposed
2-month-old infants ranged from less than
3.75 to 20.55 nmolV/L; in 6 month-old
infants all values were lower than 7.50
nmol/L. Only 15 blood samples from
controls contained quantifiable mercury.
Concentrations of mercury were low in the
urine after vaccination but were high in the
stools of thimerosal-exposed 2-month-old
infants {mean 82 ng/g dry weight) and in 6-
month-old infants (mean 58 ng/g dry
weight).
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The authors estimated that the blood
half-life of ethybmercury was 7 days (95%
confidence interval of 4 to 10 days). The
study was unable to determine the ultimate
disposition of most of the mercury with
which infants were injected. However, it
has been determined that uptake of mercury
in the brain is 5to 7 times greater than in the
blood.!* *Therefore, because of the similar
theoretical and experimental toxicities of
ethylmercury and methylmercury, and the
immediate buildup of ethylmercury from
thimerosal in the tissues of the body,
especially the preferential buildup in the
brain, there appears to be good biologic
plausibility for the neurodevelopment
disorders and heart conditions observed in
this study. :

On July 7, 1999, the American
Academy of Pediatrics and the US Public
Health Service issued a joint statement
calling for the removal of thimerosal from
vaccines, prompted by a risk assessment
from the FDA.” The 2001 IOM report stated

that technology is available to manufactur-

ers in the US to allow for the removal of
thimerosal from childhood vaccines in a
timely manner and that only a small nurber
of thimerosal-containing vials remain on
the shelf.” '

We have recently reviewed the 2003 US
Physician's Desk Reference (PDR} and
found that some childhood vaccines still
contain thimerosal. DTaP manufactured by
Aventis Pasteur contains 25pg of mercury,
Hemophilus influenza b (Hib} vaccine
manufactured by Wyeth contains 25 pg of
mercury, and pediatric hepatitis B vaccine
manufactured by Merck contains 12.5 pgof

mercury.” ' In addition, influenza vaccine -

that is recommended for an increasing
segment of the pediatric population in the
US also contains 25 pg of mercury.
Therefore, itis indeed possible that children
in the US in 2003 may be exposed to levels
of mercury from thimerosal contained in
their childhood vaccinations that are at a
higher level than at any time in the past.
Possible total childhood mercury in 2003 is
more than 300 pg.

Because of the data implicating
thimerosal levels with increasing rates of
autism, speech disorders, and heart disease,
it would seem prudent to completely
remove thimerosal from all childhood
vaccines immediately. The use of single-
dose vials would alleviate the need for any
preservativein the vaccines.

Parents should be encouraged to avoid
exposing their children 1o additional
mercury from sources other than vaccines.
Until recently, Rh-negative women were
routinely given Rhogam injections, which
contained significant amounts of
thimerosal, several times during their
pregnancies. Fortunately, thimerosal has
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been removed from Rhogam. Pregnant
women and children should avoid eating
seafood that may contain significant
quantities of mercury. The mean mercury
levels in various seafood species have been
determined by the Center for Food Safety
and Applied Nature Section of the FDA*
The FDA currently recommends that
pregnant women and those women who
may become pregnant avoid species with
the highest average amounts of
methylmercury and that a “balanced” diet
of seafood consumption should be followed
s0 as to keep methylmercury levels low."
Additionally, fetuses may be exposed to
mercury from the amaigam used in their
mother's fillings. Also, patients shouid be
made aware that there are other prescription
drugs and over-the-counter medications
that contain significant amounts of
thimerosal.” *

These other sources of mercury, while
potentially significant, probably had a
limited effect on the results of this study
because the populations analyzed were
large and there should have been equal
exposure to other sources of mercury
among the populations examined.

Conclusion

This study provides strong epidemio-
logical evidence for a link between
increasing mercury from thimerosal-
containing childhood vaccines and
neurodevelopment disorders and heart
disease. In light of voluminous literature
supporting the biologic mechanisms for
mercury-induced adverse reactions, the
presence of amounts of mercury in
thimerosal-containing childhood vaccines
exceeding Federal Safety Guidelines for
the oral ingestion of mercury, and previous
epidemiological studies showing adverse
reactions from such vaccines, a causal
relationship between thimerosal-
containing childhood vaccines and
neurodevelopment disorders and heart
disease appears to be confirmed. It is to be
hoped that complete removal of thimerosal
from all childhood vaccines will help to
stem the tragic, apparently iatrogenic
epidemic of autism and speech disorders
thatthe United States is now facing.

Dr. Mark.Geier has done consulting work and
appeared as an expert witness, and David
Geier has done consulting worki in cases
before the MNational Vaccine Injury
Compensation Program (NVCIF} and in civit
suits involving vaccine adverse reactions. To
date, none of these cases have involved
thimergsal.

Mark Geier, M.D., Ph.D. is President, The
Genetic Genters of America. David Geier, B.A. is
President of MedCon, Inc. Address correspon-
dence to: Mark Geier, M.D., Ph.D,, 14 Redgate
Ci., Silver Spring, MD 20805. Email:
mgeier@ercls.com.
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Reduced Levels of Mercury in First Baby Haircuts

of Autistic Children
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Reported rates of antism have increased sharply in the United
States and the United Xingdom. One possible factor underly-
inp these increases is increased exposure o mertury through
thimerosal-containing vaccines, but vaccine exposures need to be
evaluated in the context of comulative exposures during gestation
and early infancy. Differential rates of postnatal mercury elimina-
tion may explain why similar gestational and infant exposnres pro-
duce variable neurclogical effects. First baby haircut samples were
obtained from 94 chlidren diagnosed with autism using Diagnostic
and Statistical Marual of Mental Disorders, 4th edition (DSM IV)
criteria and 45 age- and gender-matched controls. Information on
diet, dental amalgam fillings, vaccine history, Rbo D immunoglob-
ulin administration, and autism symptlom severity was coliected
throupgh 2 maternal survey guestionnaire and clinical observation.
Hair mercury levels in the autistic group were .47 ppm versus
1,63 ppm in controls, a sipnificant difference. The mothers in the
autistic group had significantly higher levels of mercury exposure
through Rho D immunogipbulin iojections and amalgam fillings
than control mothers. Within the autistic group, hair mercury levels
varied significantly across mildly, moderately, and severely autistic
children, with mean proup levels of (.79, (.46, and 021 ppm, Te-
spectively, Hair mercury Jevels among controls were significantly
correlated with the number of the mothers’ amalgam fillings and
their fish consumption as well as exposure to mercury through
childhood vaccines, correlations that were absent in the autistic
group. Hair excretion patterns arnong autistic infants were signif-
icantly reduced relative to control. These data cast doubt on the
efficacy of traditional hair analysis as a measure of total mercury
exposure in a subset of the population. In light of the biological
plausibility of mercury’s role in nenrodevelopmental disorders, the
present study provides further insight inio one possible mechznism
by which early mercury exposures could increase the risk of autism.
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Autism has been defined by symptoms rather than causes
since it was first characterized by Kanner in the 1940s (Eisenberg
and Kanner 1956). Since Rutter's (Rutter 1978) further elabora-
tion of diagnostic standards in 1976, the prevailing standards for
diagnosis (Diagnostic and Siatistical Manual of Mental Disor-
ders, 3rd edition [DSM HI) 1980; 3rd editoo—revised [DSM-
I1I-R] 1987; 4th edition [DEM IV] 1994) have included impair-
memnt in three domains: social relatedness, communication, and
behavior, In a small number of cases, either genetic (Wahlstrom
et al. 1986; Bolion et al. 2002; Steffenburg et ab. 1996) or en-
vironmental (Stomland et al. 1994; Williams and Hersh 1997;
Aronson, Hagberg, and Gillberg 1997} capses have beer
established, but the vast majority of cases remain idiopathic.

The need to account for the relative contribution of genetic
and environmental causes has taken on increased importance
in light of possibie sharp increases in the incidence of aunsm.
Early prevalence studies in the United States (Burd, Fisher, and
Kerbeshian 1987; Treffert 197¢; Ritvo et al. 1989) and the United
Kingdom (Lotter 1966; Wing and Gould 1979; Deb and Prasad
1994) reported jow rates of autism—egenerzlly iess than 5 per
10,000—amang children born before 1990. Stodies of popy-
lations bomn in the 1990s, however, show far higher (Berrrand
et al. 2001; Baird et al. 2000) and increasing (Department of De-
velopmental Services 1999; Kaye, de! Melero-Montes, and Jick
2001; Taylor et al. 1999) rates of antism and autism spectrum
disorders (ASDs), in same cohorts 2s high as 55 per 10,000 for

" autism and 80 per 10,000 for ASDs.

These increases clearly point to the rising importance of envi-
ronmental factors and raise the possibility of an etinlogical role
for 1oxic exposuores: gither prenatal, postnatal, or in some cumy-
laive patiern that combines the cffect of maternal, gestational,
and infant exposeres. One group (Bemard et al. 2001} has hy-
pothesized a causal connsction between mercury exposure and
the symptoms of autism.

Unail recenty, thimerosal, a pressrvative containing 45.6%
ethyl mercury, was used in three childhood vaccines: hepat-
s B, Haemophilus influenzae B (Hib}, and diphtheria-permssis-
tetapus (DFT). Hib and hepatitis B were introduced to the U.S.
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infant vaccination schedule in October 1990 and November
1091, respectively. In addition, most varieties of Rho D im-
muncglobulin injections, administered to Rb-negative mothers
during pregnancy, contained thimerosal until late in the 1990s.
The Instimte of Medicine has investigated the connection
{Swratton, Gable, and McCormick 2001} between mercury ex-
posure from thimerosal-containing vaccines and peurodevelop-
mental disorders, inchnding autism, and found insufficient evi-
dence 1o actept or reject a causal connection, but concluded that
such 2 connection was biologically plausible and recommended
2 comprehensive research program.

1n addition to cthyl mercary, other pessible sources of carly
mercury exposure include fetal exposures to inorganic meTcury
inhaled by the mother from dental amaigam fillings (Drasch
et al. 1954: Vimy et al. 1997) and to methyl mercury intestinally
absorbed zs a consequence of matemal fish consumption.

Littie is known abont the specific patterns of mercury ab-
sorption, distribution, metabolism, or excretion in human in-
fants. The large majority of infants immunized with the full
compiement of thimerosal-containing vaccines have not been
diagnosed with an adverse effecs, such as neurodevelopmen-
tal delay. Nevertheless, ecological analysis of the timing of the
increases m autism incidence and the increzsed exposure to mer-
cury in thimerosal-containing vaccines fails 1o exclude 2 causal
relationship berween the two trepds of rising autism incidence
and rising mercury cxposure {Blaxill 2001).

Fully prospective studies of the role of mercury exposure
in autism have not yet been designed and cven rotrospective
studies are highly constrained by availability of relevant biolog-
ical samples. Many families do, however, retain Jocks of infant
hair, especialiy the first baby baircot These samples provide an
opportanity for analysis when other oppormnities have passed.
Although hair mercury levels provide onty a pastial insight into
the excretion patterns of autistic infants, they offer substantial
availability advantages and can provide 2 nseful test of the plau-
sibility of the autism-mercury hypothesis.

In 2 clinical practice, one of the study authors (ASH) submit-
ted hair sammples from antistic patients for commercial labora-
tory testing for toxic metal cxposure. Most of these mercury hair
jevels were found to be Jow, contrary to a firsl-order hypothesis
of heavy metal toxicity ip autism. She then asked paticnts to
submit first baby haircut samples for analysis, thereby testing
2 sample that would more accurately rofisct carly exposures,
With two exceptions (these coming from a different commercial
laboratory than her preferred source and the-source used in the
current study), these samples yiclded hair mercury levels that
were consistently close to zero.

Based on this observation, and on the possibility thatimpaired
mescury excretion might be an important susceptibility factor
underlying yecent increases in autism, she expanded her inves-
tigation. She increased the sample of autistic first baby haircut
samples and coliected z sct of 2ge- and gender-matched con-
trol baby haircut samples. Notabty, the control samples wers
collected under the condition that the child reccived all their
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childheod vaccinations on schedule, in order that they would
show comparable posmatal exposure levels. Consequently, this
study does not attempt to examine the role of childhood vaccine
exposures in autism. Although there are limits to the design, we
belicve that our study cffectively examines the null hypothesis of
no differential excretion rates in the hair of infants subsequently
diagnosed with antsm.

MATERIALS AND METHODS

Patient Recruitment and Profile (Table 1)

All zutistic patients were referred te the clinical practice of
ASH with a confirmed diagnosis of DSM IV autism by either a
pediatric neurologist or developmental pediatrician. The mother
of each autistic child was intzrviewed for exposure information
sing 2 structured survey guestionnaire. The zutistic chiidren
were between the ages of 2 and 15 at the time ofinterview, with
a median age of 7. Although the location of primary residence
was siightly skewed to the Midwest and Southcast, in part due
to proximity to the clinical practice, the autistic patients pro-
vided 2 good cross-section of the different regions of the United
States, with an additional 6% coming from England, Canada,
and Mexico. Boys oumumbered girls, with a male:female rmbio
of 3.5:1, consistent with the typical population prevalence in
autism studies (Fornbonne 1999),

Conditions of Autistic Baby Hair Collection

Autistic patients sent their baby hair samples directly to Doc-
tor's Data Inc, (DD], West Chicage, IL) following DDI's instrue-
tions for the hair minerals test. First baby haircut sampies had

TABLE 1
Study group profiles

Autistic group Control group

Number of males/ 73121 (3.5:1) 34/11 (3.1
females (ratio)

Median year of birth 1994 (1985-1999) 1994 (1990-1999)
(range) .

Medizan months at baby 17.7 (11-24) 17.8 (12-24)
haircut iming (range}

Residence®
Northeast 15% 2%
Midwest 28% 22%
Southeast 25% 2%
Mountain/Plains/ 14% 20%

South Centrat

West 12 % 13%
Intemational 6% 0%

=Northeast: CT, MA, VT, NY, NI, PA. Midwest: 1L, OH, ML, W1,
MM, MO. Southeast: FL, GA, NC, SC, VA, LA, MS, AL AR KY, TN.
Mountain/Plains/South Cenrral: CO, KS, ND, 8D, NE, UT, ID, TX,
OK, AZ. West: CA, WA, NV, Imemnationai: Canada, Mexico, England.
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been collected by the parents between 11 and 24 months of
ape, with 2 mean age at hajrcut of 17.7 months. The minimum
sample amount was 0.25 g. Before deciding to standardize on
2 single testing source, 2 minority of hair samples (20 in all)
were coliected in the course of clinical treatment of additional
aufistic patients and sent to a separate commercial laboratory-—
not DDI—that performs similar testing. These results were re-
viewed by the clinic but excluded from this study. Results from
this other laboratory were similar 1o those from DD, showing
low hair mercury levels in autistic patients. Two of the 20 ex-
cluded test results included mercury Jevels that were higher than
the reported levels for any of the autistic subjects in the present
study.

Controls Recruitment and Baby Hair Collection

Normal controls were recruited through an appeal 10 rutism
parent groups and through autism newsletiers. None of these
control children or parents were interviewed in person, but each
of the mothers was interviewed over the telephone. Hair collec-
tion procedures were the same as for the autistic patients. The
inclusion criteria for controls included the foliowing: no devel-
opmental disabilities or chronic iliness of any kind, no siblings
on the autistic spectrum, and completion of the recommended
childhood vaccinations on schedule. These contols were 7e-
cruitzd with the objective of matching the sutistic patients in
terms of gender and age profile (see Table 1). Although not a
condition of recruitment, the state of residence was guite stmi-
lar to the autistic sample, minimizing the possibility of regional
cxposure bias.

Hair Analysis Methods

Laboratory testing was conducted using Inductively Coupled
Plasma Mass Spectroscopy (JCP-MS) in biinded fashion to the
clinical status of the hair provider. Hair specimens were col-
iected based on retained samples of a mimmum required amount
of 0.25 g of hair from the child’s first haircut. In the labora-
tory, the hair specinens were further cut and washed using 2
modificd method developed by the International Atomic Energy
Agency (LAEA} (Ryabukin 1998). Aliguots (about 0.2 g) of the
washed halr samples were digested with nitic acid in a CEM
(CEM Corporation, Matthews, NC, USA) microwave oven with
temperature fesdback control. All element deierminations were
made on an ICP-MS (Elan 5000; Perkin-Elmer, Norwalk, CT,
USA) using a fiow injecrion sample uptake system (FiAS 400;
Perkin-Elmer). Accuracy was assessed and verified nsing 2 hair
standard reference material (SRM) from China (GBW 09101,
30 elements). Puchyr et al. {1998) have described this method
and analytical performance in detail.

Clinical Observation of Subjects Based on Clinic Visits
All previoushy d'iagnossd autistic patients were also observed

by ASH in a clinical setting. A repetitive diagnostic interview

was not conducted, but an overall assessment of each child was

279

performed and each was assigned an autism severity level: se-
vere, moderate, or mild. The definitions for these catepories were
as follows: (a) severe—no cxpressive language at all, very lit-
tle evidence of receptive language, constant diverpent paze m
presence of clinician or parent, no toy play, “peoplie weated 25
objects™; (b) mild—some expressive lanpuage, incinding short
phrase speech and ability to communicate wants and needs,
responsive to commands indicating functional receptive lan-
Zuage, some eye comtact, some appropriate toy play, obvious
connection with parsmts andfor other family members; and
{c) moderate—suobjects not mesting criteria for cither the se-
vere or mild groups.

Data Collection for Other Maternal Exposures

ASH interviewed the mothers of autistic and normal chil-
dren to obtain information on mercury exposure during and af-
ler gestation. Exposure measures were developed from survey
questions in four categories: (a) maternal amalgams during preg-
nancy were estimated by direct observation by the mother (either
using a mirror, or counted by her husband) of amalgam surfaces
at time of interview less new fillings since the gestation period;
{b) exposures through Rho D immunoglobulin injections dur-
ing pregnancy were self-reported by the mother; (¢} childhood
vaccinations, inciuding the timing of exposures to hepauns B,
DPT, and Hib vaccines, were obtzined based on 2 joint review
of the child’s pediatrician’s records; and (d) fish consumption
during pregnancy in four catepories was estimated using 2 four-
Jevel scale. The four levels estimated were based on the relative
frequency of meals in which fish was consumed: “heavy™ was
once a week or more, “moderate”™ was Jess than weekly and more
thar monthly, “little™ was Jess than once a month, with the fina]
category being “none.”

Stafistical Analysis

Data were analyzed using Microsofi Excel version 9.0.3821
SR-1. Comparison of distributions of autistics and controls was
made using the two-tailed test. Multiple-regression analysis on
Ibe normal hair sample was performed with the hair mercury
leve] as the dependent variable and three indspendent variabies.
For amalgam fillings, we used the square of the number of fill-
ings. We chose an exponential curve for severa! reasons: moth-
ers with more fillings would be likely to have larger fillings
and larger exposed surface areas per filling; multiple amalgams
would be more likely to react with each: other and release higher
levels of mercury due to galvanusm or zbrasion; higher levels
of amalgam exposure conld lead 1o greater retention in maternal
tissue; and mothers with large sumbers of fillings would be more
likely 10 have had recent dental work done. In addition, the ex-
ponential relationship produced consistently superior statistical
correlations. For fish diets, we assigned a monthly number of fish
meals for each response level: 5 per month for “heavy™ consump-
tion, 2.5 per month for “moderate” consumption, 0.5 for “lile”
consumption, and 0 for no consumption. For vaceine exposure,
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FIGURE 1

A plot of the birth hair mercury levels of nopautistic versus
autistic children. Solid circles represent individual fernale
subjects and open circles represent individual male stibjects.

we used the total number of micrograms received through all
thimerosaj-containing vaceines.

ANALYSES OF DATA AND RESULTS

Hair Mercury: Autistics Versus Controls

Figure } shows the results of the analysis companrg te ex-
cretion of mercury in baby hair of autistic children and normal
controls. The hair levels of mercrry in autistic children were sig-
nificantly Jower than in controis {(p < .0000004), with 2 mean of
0.47 ppm compared to a mean of 3.63 ppm in the control group.

Rho D Immunoglobulin and Amalgam Exposure: Autistics
Versus Controls )

Despite the lower levels of mercury excretion in baby hair,
the mothers of autistic childrer had higher exposures 1o mer-
cury when pregnant with their antistic ckild than did normal
controls. Table 2 shows that the number of Rho D immunoglob-
ulin injections received by mothers in the autistic group was
sigrificantly higher than the mothers of controls (052 versus
0.09; p < .0000004). Forty-six percent of the autistic mother
received Rho D immunoglobulin injections 2s compared to 9%
of the conuo} mothers. In addition, the number of amalgam
fillings present in the mouths of mothers of autistic children
exceeded the number of fillings for mothers of controls (B.35
versus 6.60; p < .01). Thirty-four percent of the mothers in the
amistic sample had 10 or more amalgamn fliings as compared 1o
18% of the controls.

Hair Mercury Levels W'Ithm Autistic Popu!ahon Miid
Versus Moderate Versus Severe

Within the avtistic sample, the level of mercury in hair was in-
versely correlated with the symptom severity level, Figure 2 dis-
plays the distribution of hair levels across the three subgroups of
autistic children. The mean hair mercury content was (.21 ppm
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TABLE 2
Exposure differences in autistic group as compared to controls
Antistic group Control group
(N = 94) (N =45
Mercury levels in first baby 047 (£0.28)°  3.63 {==3.56)
haircut (ppm, mean & SD)
Rho D immunoglobulin shots 053 (20,67 0.09 (+0.29)
" during pregnancy (number
per mother, mean = SD)
Amalgam fillings during 8.35(£3.43)  6.6D (=3.55)

preguancy (number per
mother, mean £ SD)

“Statstically differcat from control group (p < .0000004).
“Statistically different from control group (p < 0000004},
“Suatistically different from control group (p < .01).

in the severe group, 0.46 ppm in the moderate group {severc
versus moderate: p < .000002), and 0.7] ppm in the mild
group (moderate versus mild: p < .0004; severe versus mild:
p < .00000003). Even these stark differences were somewhat
moderated by a clear trend toward reduced mercury levels in
fernale hair within the mild group.

Differences Within Autistic Population: Gender
and Developmental Patterns

Table 3 provides information on other differences between
the three subgroups within the autistic sample. In addifion to the
differences in hair mercury levels, the gender distribution varied
substantially across the three subgroups. The miid group had
the highest percentage of females, at 56%, whereas the moder-
ate and severe groups had 14% and 4% females, respectively. In
Figure 2, it is also apparcnt that the female children in the mild
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FIGURE 2

A plot of the birth hair mercury levels in autistic children based
on the clinical severity of the disease. Solid circles represent
individval fernale snbjests and open circles represent
individual male subjects,
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TABLE 3
Differences within autistic population
Mild group Moderate group Severe group
(N =27} (N =43} (N=24)
Mereury levels in first baby (.71 ppm {£0.3) 046 ppm (£0.19)" 02! ppm (£0.18y*
hatrcut (ppm, mean = SD}

Males: females 12:15 37:6 23:1
Percent regressive 100 93 21

e Sratistically differcm from mildly autistic group {(p < .0004).
rSraustically different from mildly awtstic group (p < .000000003).
eSanstically different from moderately autistic group (p < .0K00002).

group made up over 90% of the children below the mean and only
21%, of the children above the mean. In addition, the develop-
menta) patterns varied strongly across the three subgroups. The
severe group was the most iikely 10 have demonstrated consis-
tency in symptoms from birth, only 21% displayed any partern of
developmental regression. By contrast, the vast majority of the
mild and moderate groups reported some kind of developmental
Tegression, :

Correlation Between Exposure and Hair Levels

In the control sample, the levels of mercury in baby hair
were significantly explained by gestational mercury exposures.
Figure 3 demonstrates that 2 single cxposure variable, mater-
nal amalgam fillings, was strongly correlated with mercury hair
Yevels in control children, but not in autistc children. Several dif-
ferent regression models were applied—including one, two, and
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FIGURE 3
A plor of the birth bair mercury levels of nopautistic {control)
children versus autistics compared 1o the grouped numbers of
dental amalgams of the birth mothers. N cquals the number of
subjects znd the control-to-autistic ratio for cach subset is
presented.

three independent variable regressions—and the three-variable
equation shown g Figure 4 provided the best statistical fit. Ma-
ternal amalgarm fillings were significandy corretated with mer-
cury fevels in all regressions and on their own explain over
60% of the difference in normal bair levels, Reported maiernal
fish consumption during pregnancy is an additionat and signifi-
cant contributor 1o hair mercury levels. Vaccine exposure from
all childhood immunizations also reached significance at the
95% confidence Ievel. By contrast, similar regressions for autis-
tic mercury hair levels (not shown) fail to reach significance
for any exposure variable. Morzover, applying the exposure co-
efficients from the conto) group to the autistic group yiclds a
sharply higher mate of predicted excretion levels than the acmal
results, wherees the predicied results based on known exposures
in the contol group are remarkably close to the actal results (sez
Figure 4). This refiects the high explanatory power (R* = .79)
of the multiple regression model in the control sample.

DISCUSSION

Past Studies Using Hair as a Marker in Autism

Although this is the first analysis of the first baby haircut of
autistic infants, a number of previous studics have measured the
hair contents of autistic subjects. The carliest stdies (Wecker
etal. 1985; Shearer et 21, 1982; Gentile et al. 1983) analyzed hair
from subjects born before 1981 and only one of these (Wecker
et al. 1985) measured mercury. All of these studies found some
significant differences between autistic end control groups. A
group of zutistic subjects averaging 5.7 years of age (Wecker
et al. 1985) showed low hair levels of calcmum, magnesium,
coppet, manganese, chromium, and lithivm, but similar ievels of
merchry compared 1o conmols. A group averaging 8 years of ape
(Shearer &1 al. 1982) showed low levels of cadmium excretion.
A third group of unspecified age (Gentiie et al. 1983) showed
elevated levels of magnesium and potzssium.

A more Tecent study (Haolioway et al. 2001) of 50 autistic
families (o ape was specified) investigated both heavy metal ex-
posures and hair levels for the purpose of testing the hypothesis
of different metabolism and/or exposure levels between antstic
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FIGURE 4

Actual hair levels in autistics and controls are compared to
a predicied value. The predicted value is obtained tsing
the regression equation for controls: Birtk hair mercury
level = (5.60) + 0.04 (amalgam volume™) + 1.15 (fish

consumption™) + 0.03 (vaccine™) R* = .79, Perfeat
prediction of actua! hair levels by the regression model 1s
represented by the dashed line. Filled diamonds
represent individnal nonautistic subjects and open circles
represent autistes.

subjects and controls. This stdy used current, not baby hair,
samples znd found slightly reduced levels of mercury and Jead
in autistic hair relative to controls and significant differences in
exposure, including increased matcrnal intake of fish and an in-
creased rate of car infection in infancy and associated exposure
to antibiolic teatments.

Hair analysis has frequently been nsed as a measure of mer-
cury exposure. In particular, it has been common practice
(Grandjean et 21, 1997, 1998) to measure maternal hair levels as
& marker for mother-to-fetrs exposures that could affect subse-
guent brain development. Hair mercury analysis has also been
eriticized as a diagnostic too) for treatment (Kales and Goldman
2002), and bair minerals test results from commercial laborato-
ries have been criticized as inconsistent and unrelizble, A recent
crtical review {Seidel et al. 2001) included the testing sowrce
for this study.

In our view, this recent review offered criticisms that were
applied in an undifferentiated fashion to a group of Jaberatories
and made no attempt to distinguish between proper and improper
practices within the group. Much of the criticism was justified
in the case of other facilities, because many of the laboratories
examined made use of outdated technologies and exploited their
testing results for commercial purposes, including promotion of
nutritional supplements. Close reading of the analysis shows that
the laboratory used in cur analysis used none ef the question-
able practices deployed by most other laboratonies and was one
of only two laboratories that employ the most advanced (JCP-
MS) testing equipment. We belicve that the exemplary practices
of DDI, the advantages of ICP-MS, the specificity of the iming
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of our sample collection, the fact that the laboratory was blind
1o the clinica) status of the samples, and our use of a single, cor-
sistently calibrated taboratory protocol all combine to mitigate
any concerns over the reliability of our results,

infant Mercury Exposure and Autism

Tbe mercury exposure levels ininfants from the recommendzd
U.S. childbhood immunization schedule exceeded the threshold
set by the U.S. Environmental Protection Agency (EPA) for most
of the 1990s. This increased level of exposure came about as 2
consequence of the addition of two new thimerosal-contzining
vaccines, hepatitis B in November 1991 and Hib in October
1990, to the U.5. infan! vaccination schedole. For example, a
typical 2-month-old infant would have received an average of
0.25 pp/kg/day if immunized on schedule, as compared with the
EPA threshold safety Jevel of 0.1 pg/hkg/day. This zverage expo-
sure may well understate the severity of these exposures. On the
days of vaccination, the boivs dose of mercury was mary times
the threshold. This excess exposure went undetected wptil the
summer of 1999 when an Food and Drug Adminsstration (FDA)
review identified the probiem. Subsequent 1o this discovery, the
American Academy of Pediarrics (AAP) and the Centers for Dis-
ease Control 2nd Prevention (CDC) (1999) issued 2 joint state-
ment suspending the birth dose of hepatitis B vaccine apd recom-
mending the phasing out of thimerosal from all infant vaccines.

The special case of direct human infant exposure to thimerosal
has never been studied. Yet the hypothesized (Bemard et al.
2001) relationship between mercury exposure and autism is
supporied by 2 number of ccological conneciions: increases in
autism rates in the United States have accompanied increasing
exposure to thimerosal-contzining vaccines (Blaxill 2001); in-
creases in autism rates in England (Lotter 1966, Wing and Gould
1979; Deb and Prasad 1994; Bzird et al. 2000; Kaye ot al. 2001;
Taylor et al. 1999) followed closely on the heels of a change in
the recommended immunization schedule and physician incen-
tive structure (Salisbury and Dittman 1999) that increased the
level of thimerosal exposure in the first four months of life; and
rates of autism rose in Japan’s Fukushima prefecrure (Hoshino
et al. 1982) immediately after the 1965 incident in neighbor-
ing Nijgata prefecture when an chemical factory released large’
amounts of mercury o a local river.

latrogenic exposure to mercory has been shown io cause
childhood discase. Mercury used in teething powder prepara-
tons in the first half of the 20th century was identified as the
cause of acrodynia, a scrious disease of young children that
purzled medical professionals for decades. Resistance to the ev-
idence of mercury poisoning delayed full accepiance of the evi-
dence for many years {Dally 1997). There are numerous paralicls
between the symptoms of acrodyniz and autism, including loss
of sociability and communication skilis (Bernard et al. 2001).

Animal Models of infant Mercury Excretion

Despite the absence of direct observation of mercury Loxi-
cokinetics in human infants, there are 2 number of animal rodels
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that provide insight into the differences in the kinefics of mer-
cury between infants and adulis. Independent of the effects on
the brain, these models demonstraie that several factors emgue
to infants can contribute to rednced excretion capacity.

Mercury is excreted mostly through the feces and is heavily
dependent on the biliary secretion of inorganic mercury trans-
ported into bile by gluathjone. Studies in nconatal rats (Ballatori
and Clarkson 1984) have demonstrated redoced bile fiow and
glutathione excretion that togzther contibute to a reduced abil-
ity in infants to excrete mathy] mercury. In z range of studies,
research has demonstrated that both milk dicts and antbiotic
adroinistratiop reduce the excreton of mercury (Kostial et al.
1979, 198); Rowtand, Robinson, and Doherty 1984), effects
that are both common and amplified (Kostial et al. 1978) in
suckling animats. The presence of healthy gut flors is criti-
cal (Rowland, Davis, and Gress 1978; Rowland, Robinson, and
Doherty 1984) to the excreton of mercury and early exposure
10 mercury has even been shown to alter the composition of gut
flora and promote both antibiotic-resistant and mercury-resistant
strains (Summers et al. 1993). Al of these mechanisms suggest
that the infant period is one of both high potential vanation in
mercury excretion capacity and increased risk of unintended
consequences arising from mercury cxposure.

Mercury Excretion in Human Infants
Who Became Auntistic

Owr findings are consistent with the hypothesis connecting
mercury exposure and astism. Autistic infants released dramat-
jcally lower Jevels of mercury into hair than control infants. In
our autistic group, this reduced level was not associated with
lower levels of overall exposure, quite the contrary, In many,
though not all, exposure categories, aulistic infants experienced
higher levels of mercury exposure. As a matter of design, we
did not atempt to assess the impact of differences in vaccine
exposures, becanse we only included controls who received a
full exposure to mercury through the thimerosal in vaccines.

Autistic infants in our sample experienced increased expo-
sure levels through maternal Rho D immunoglobulin injections
(the large majority of licensed preparations sold during the study
period used thimerosal as 2 preservative). Forty-three out of 94,
or 46%, of the children in our sample were cxposed to mer-
cury through these injections, 2s compared to 4 om of 45, ar
9%, of controls. Several of the autistic mothers received mul-
tiple injections, which resglted in a mean number of Rho D
immunoglobulin injections in the antistic group of 0.52 injec-
tions per chiid, as compared 1o 0.09 ameng the controls. This
observation is supported by a similar finding of elevated Rb in-
compatibility in mothers of autstic children in a previous study
(Juul-Dam, Townsend, and Courchesne 2001). The leve] of Rh
incompatibility we observed in our sample, however, is signifi-
cantly greater than the rate observed in mothers in the previous
study, 46% versus 12%. (The prevalence of Rh incompatibility
in our controls was also highcr, with a rate of 9% as compared
to 3% in the previous smdy.) The rate of antenatal prophylaxis
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in our sammple seems high and may be a result of increased treat-
ment rates of Rb incompanbility as well as increasing frequency
of the practice of antenatal prophylaxis, 2 reladvely recent de-
velopment. Because our study is the second report of elevated
rates of antism in children bom to Rb-negative mothers, this is
& finding that deserves further investigation.

Increased numbers of amalgam fillings in the mother has beep
associated with increased fetal mercury exposure in several smd-
ies (Drasch et al. 1994; Vimy et al. 1997). Our results suggest
that zutistic childrep received increased exposure through out-
gassing of amalgam fillings thas controls, The average level of

-amalgam fillings among mothers of aunsuc children was signif-

icantly greater than controls, with 8 35 fillings per mother in the
antistic group ands 6.6 fillings among control mothers. Mothers
of antstic children were far more likely to have received exten-
sive dental work, with 35 of 94 mothers, or 37%, having 10 or
more zmalgam fillings as compared to § of 45, 18%, of contols,

Maternal dietary consumption of fish was not significantly
associated with autism {data not shown).

Within the autistic group there were also strong differences in
hair mercury levels. Lower hairmercury levels were significantly
associated with the severity of the autistic behavior observed in
the clinic. Adjusting for gender differences, these results were
even stronger, because the “mildly autistic” group was dispro-
portionately female, Within the miidly autisnc group, female
hair levels were almost uniformly lower than the male levels.
This sngpests that faciors related 10 gender might offer a level
of protection to femaie infants who might otherwise demop-
strate more severe symptoms. By contrast, boys who displayed
symptoms of similar severity nevertheless successfully released
larger amounts of mercury, suggesting that boys might require
high levels of mercury elimination 1o develop at similar rates,
The increased male risk of aurnism has besn extensively docuo-
mented (Fombonne 1999, Gillberg and Wing 150%).

The control group showed a very strong correlation berween
measurable mercury exposure and the amount relezsed into hair
This suggests that normal children have an ability 1o defend
themselves against potentially toxic exposures and may demon-
strate Jirtle negative effect despite exposures that were relatively
larpe. By contrast, autistic infants who expenienced comparable
exposure lo mercury were completely incapable of excreting
mercury through hair at the Jevels that might have been pre-
dicted based on the excretion patemns of the control infants.

Possible Consequences of Low Hair Mercury Levels

In past reviews of potential risk from mercury in vaccines
(Stratton, Gable, and McCormick 2001), the possibility of neu-
rological damage due 1o exposure 1o thimerosal has been min-
imized a5 a “theoretical, but unproven” risk. A core concem
among reviewers has been the absence of evidence that “low-
dose” exposures such zs those administered throngh vaceines
have the ability to cause any detectable harm.

Our study suggests two reasons why “low dose™ (where “low™
is relative 10 demonstrably harmful or even faral doses and not
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the modeled EPA siandard) exposures might raise the risk of
developmental damage. First, vaccine exposures do not 06olr in
isolation, but rather represent one among several pathways of
exposure through which the fetal and infant brain might accu-
mulate toxic levels of mercury. These pathways must therefore
be evaluated in the context of cemulative exposures, any obe of
which might be harmnless on its own but when combined with
other sources might contribute to harmfal overall levels. Both
the autistic and the control children in our study showed in-
creased mercury risk based on muliple sources of cxposure: in
the avtistic group, both Rhe D immunoglobulin and amalgam
fillings in the mother were elevated reiative to controls; in the
controt group, hair mercury Jevels were significantly correlated
with matema; amalgam fillings and fish consumption as well as
vaccine thimerosal exposure.

Second, the risk of any cxposure will be greater if a larper
fraction of the toxin is retained in tissue and not exercted guickly.
Although hairis a minor patbway for mercury excretion and s far
Jess important than feces and urine, the low levels of mereury in
the hair of autistic infants support 2 hypothesis that these mfants
were retaining mercury in tissve at 2 higher rate than control
infants, The lack of mercury in the hair of antistics may be due to
a decrease in blood mercury levels feeding the hair follicles. This
decrease is ikely caused by the retention of the mercury inside
the cells where it most likely causes its major biological damage.

When mercury is not available 10 the hair follicle, it is Iess
likely to be available 1o the primary detoxification and excretory
pathways and retained in tissue. if we presume that a portion
of the tissue mercury retention is seguestered in the central ner-
vous systern and is available 1o cause neurological damage at
sensilive points in brain development, then it is plausible that
merenry-associated damage might be 2 meaningfil element in
the pathological process that leads to an outcome of autism.

Limitations of the Current Study

‘We recognize that there are limitations to the current study.
The study was not the result of a fully prospective design, re-
cruitment of autistic study subjects was influenced by medical
care-seeking behavior, the 1esting facilities were not under the
direct control of the investigators, and the rzsultznt population
distributions may not be representative of the autism population
a5 & whole, Additional research is recessary both 10 replicate
these findings in autism and to elzborate on the impact of all the
major risk factors associaled with toxic eXposures o mercury.

CONCLUSIONS -

The redvced levels of mercury in the first baby hairem of
autistic infants raise clear questions zbout the detoxification ca-
pacity of a subset of infants. Despite hair levels suggesting low
exposure, these infants had measured exposures at least equal 10
a control population, suggesting that conrol infants were able
to eliminate mercury more cffectively. In the case of antistic
infants, those in our sample were exposed to higher levels of

A 5. HOLMES ET AL

mercury during gestation, through dental amalgams or Rho D
immunoglobulin injections in the mother. The addition of muld-
ple postnatal exposures 1o mercury in childhood vaccines would
have more severe consequences in infants whose detoxification
capacity is reduced or who may be closer 1o a dangerous thresh-
old exposure. In the case of control infants, mercury hair lev-
cls were strongly affecied by exposure levels, suggesting that
detoxification and excretion played an important tole in cosur-
ing normmal development in childres with elevate toxic expo-
surc telative to peers. If reduced overall mercury elimination
is refated to hair elimination, then autistic infants will retain
significantly higher ievels of mercury in tissue, including the
brain, than normal infants. In light of the biological plausibility
of mercury’'s role in newrodevelopmental disorders, our study
provides further insight into ope possible mechanism by which
early mercury exposures could increase the risk of antism.
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Association Between Thimerosal-Containing
Vaccine and Autism

Anders Hviid, MSc
Michael Stellfeld, MD
Jan Wohlfahrt, MSc
Mads Melbye, M1}, PhD

1GH DOSES OF MERCURIC COM-
pounds are nephrotoxic and
neurotoxic.! Thimerosal, an
organic compound that con-
1ains ethylmercury, has been widely used
since the 1930s as a preservative in cer-
tain vaccines. In the 1990s, an increas-
ing number of different vaccines con-
taining thimerosal were introduced in
immunization schedules around the
world, and thus the average cumula-
tive exposure to thimerosal in infants has
increased in recent years. This has led
to the suggestion that childhood vacei-
nation with thimerosal-containing vac-
“tines increases the tisk of neurodevel-
opmental disorders, such as autism,
attention-deficivhyperactivity disor-
der, and language and speech delay.
In a recent independent review con-
ducted by the Immunization Safety
Committee, on behalf of the Institute
of Medicine, it was concluded that the
evidence was inadequate to accept or
reject a causal relationship berween thi-
merosal-containing vaccine and neu-
rodevelopmental disorders.’ How-
ever, based on corparison with the
toxicology of methylmercury, the bio-
logical plausibility of a link remained.
Further research was recommended.
We examined the hypothesized asso-
ciation by comparing children vacci-
nated with a thimerosal-containing per-
tussis vaccine with children vaccinated
with the same pertussis vaccine formu-
lated without thimerosal and follow-
ing them with respect to development

@2003 American Medica) Association. All rights reserved.

Context Mercuric compounds are nephrotoxic and neurotoxic at high.doses. Thi-
merosal, a preservative used widely in vaccine formulations, contains ethylmercury.
Thus it has been suggested that childhood vaccination with thimerosal-containing vac-
cine could be causally related to neurodevelopmental disorders such as autism.

Objective To determine whether vaccination with a thimerosal-containing vaccine
is associated with deyelopment of autism.

Design, Setting, and Participants Population-based cohort study of all children
bomn in Denmark from January 1, 1990, until December 31, 1996 (N=467450) com-
paring children vaccinated with a thimerosal-containing vaccine with children vacci-
nated with a thimerosal-free formulation of the same vaccine.

Main Dutcome Measures Rate ratio (RR) for autism and other autistic-spectrum
disorders, including trend with dose of ethylmercury.

Results During 2986654 person-years, we identified 440 autism cases and 787 cases
of other autistic-spectrum disorders. The risk of autism and other autistic-spectrum

" disorders did not differ significantly between childrers vaccinated with thimerosal-

containing vaccine and children vaccinated with thimerosal-free vaccine (RR, 0.85 [95%
confidence interval {C1}, 0.60-1.20] for autism; RR, 1.12 [95% Cl, 0.88-1.43] for other
autistic-spectrum disorders). Furthermore, we found no evidence of a dose-response

"association {increase in RR per 25 pg of ethylmercury, 0.98 [95% Cl, 0.50-1.06] for

autism and 1.03 [95% Cl, 0.98-1.09] for other autistic-spectrum disorders).

Conclusion The results do not support a causal relationship between childhood vac-
cination with thimerosal-containing vaccines and development of awtistic-specirum
disorders. :

JAMA, 20003,290:1763-1766 Wiww jama.com

has been used in Denmark. The same
vaccine was reformulated without thi-
merosal and used until January 1, 1997,
when it was replaced with an acellular

of autism and other autistic-spectrum
disorders.

METHODS

The Danish childhood vaccination pro-
gram is voluntary and free of charge to
the vaccinees. Vaccines against diph-
theria, tetanus, polio, measles, mumps,
tubella, pertussis, and Haemophilus in-
fluenzae type b are administered by gen-
eral practitioners.? From 1970, the only
thimerosal-containing vaccine in the
program has been the whole-cell per-
tussis vaccine. In late March 1992, the
last batch of thimerosal-containing
whole-cell pertussis vaccine was te-
leased and distributed from Statens Se-
rum Institut. Only the whole-cell vac-
cine produced by Statens Serum Institut

_pertussis vaccine.* The whole-cell vac-

cine was administered at 5 weeks, 9
weeks, and 10 months from 1970 and
until it was replaced, irrespective of thi-
merosal content.? The thimerosal for-
mulation contained 50 pg of thimero-
sal (~25 pg of ethylmercury) in the first
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dose and 100 yg (~50 pg of ethylmer-
cury) in each of the succeeding 2 doses.

Since April 1968, all persons in Den-
mark have been given a unique ident-
fication number in the Danish Civil Reg-
istration System.” Based on this regisiry,
we constructed a cohort consisting of all
children born in Denmark in the period
from January 1, 1990, 1o December 31,
1996. Using the unique personal iden-
tification number, we were able to link
information on vaccinations, diag-
noses of autism, diagnoses of other autis-
tic-spectrum disorders, other relevant
diagnoses, and potential confounders to
the children in the cobort. The dates of
vaccination with 1, 2, or 3 doses of
whole-cell pertussis vaccine were
obtained from the National Board of
Health. We have published details of this
process in a study of autisic-spectrum
disorders and measles-mumps-rubella
vaccine.® Doses administered before June
1, 1992, were considered o contain thi-
merosal, and doses administered after
June 1, 1992, were considered thimero-
sal-free. Children who received thimero-
sal-free vaccine after 1 or 2 doses of thi-
merosal-containing vaccine were
classified only according to recetpt of thi-
merosal-containing vaccine.

Information on autism and other au-
tistic-spectrum disorder diagnoses was
obtained from the Danish Psychiatric
Central Register.%” Child psychiatrists
make the diagnosis and assign diagnos-
tic codes for this register. In the pe-
riod 1991-1993, the Intemmational Clas-
sification of Diseases, 8th Revision
{ICD-8) was used. In the period 1994
through 2000, the International Clas-
sification of Diseases, 10th Revision (ICD-
10) was used. All cases of autism and
other autistic-spectrum disorders in our
. study have been ascertained using ICD-
10. Aurism was defined by ICD-10 code
F84.0, which is similar 10 Diagnostic and
Statistical Manual of Mental Disorders,
Fourth Edition {DSM-IV} code 299.00,
and other autistic-spectrurn disorders
were defined by ICD-10 codes F84.1-
F84.9, which are similar to DSM-IV
codes 299.10 and 299.80.

In 1991-1994, only inpatients were
included in the Danish Psychiamric Cen-

1764 JAMA, October 1, 2003—Vol 290, No. 13 {Reprinted)

tral Register. From 1995, both inpa-
tients and outpatients were included.
Information on diagnoses of tubercus
sclerosis, Angelman syndrome, fragile
X syndrome, and congenital rubella,
conditions associated with autism, was
obtained from the National Hospital
Discharge Register.® Information on
possible confounding factors was ob-
tzined from the Danish Civil Registra-
tion System and the Danish Medical
Birth Registry,’ as follows: child's sex,
child's place of birth {(Copenhagen, Co-
penhagen suburbs, area with 2100000
population, area with population of
10000-99 999, area with population of
<10000), birth weight (<2500, 2500-
2099, 3000-3499, 3500-3999, =4000
g£), S-minute Apgar score (0-7,8-9,103,
gestational age {<37, 37-41, =42
weeks), mother’s age at birth of child
(<20, 20-24, 25-29, 30-34, 35-39, and
=40 years), and mother’s country of
birth (Danish or not).The percentage
of missing values for the variables birth
weight, gestational age, 5-minute Ap-
gar score, mother’s country of birth, and
child’s place of birth were 6.6%, 6.9%,
6.9%, 0.3%, and 0.03%, respectively.
Children in our cohort contributed
person-time 1o follow-up from 1 year of
age of January 1, 1991, whichever
occurred last, until 2 diagnosis of audsm,
other autistic-spectrum disorder, tuber-
ous sclerosis, Angelman syndrome, frag-
ile X syndrome or congenital rubella,
possible death, disappearance or emi-
gration, 11 years of age, or until Decern-
ber 31, 2000, whichever occurred first.
Follow-up was begun at 1 year of age
because indications for an evaluation of
a possible case of autistic-spectrum dis-
order typically occur after the first year
of life. The resulting incidence rates for
autism and other autistic-spectrum dis-
orders were analyzed with Poisson
regression, producing estimates of rate
ratios (RRs) according to vaccination his-
tory.)® Vaccination history was consid-
ered a time-varying variable. We esti-
mated the dose-response relationship
between thimerosal-containing vac-
cine and autism and other autistic-
spectrum disorders as the increase in RR
per 25 ug of ethylmercury. We adjusied

all RRs for age (1-9 years of age,}2-year
ntervals; 10 years of age, 1-year inter-
val) and calendar period (1991-1993,
1994, 1995, 1996, 1997, 1998, 1999,
2000). We further adjusted our est-
mates for the potential confounding
variables previously listed. Statistical
analysis was performed using PROC
GENMOD in SAS version 6.12 {SAS
Institute Inc, Cary, NC).

RESULTS

A total of 467450 children were born in
Denmark between January 1, 1990, and
December 31, 1996. During 2986654
person-years of follow-up, we identi-
fied 440 cases of autism and 787 cases
of other autistic-spectrum disorders. The
mean (SD) age at diagnosis was 4.7 (1.7)
years for autism and 6.0 (1.9) years for
other autstic-spectrum disorders. The
follow-up of 5770 children was prema-
turely terminated because of death
(n=579), emigration (n=>5035), disap-
pearance (n=87), wberous sclerosis
{n=51), Angelman syndrome (n=17),
or congenital rubella (n=1).

1n our cohort, enly 20755 (4.4%)
children did not receive any whole-
cell pertussis vaccine, 446695 (95.6%)
were vaccinated at least once, 416081
(89.0%) were vaccinated twice, and
203186 (62.7%) received 3 doses of
whole-cell pertussis vaccine. Among
those who received at least 1 thimero-
sal-containing pertussis vaccine
(n=138953), 118593 received 1 sub-
sequent dose and 65 725 received 2 sub-
sequent doses of thimerosal-contain-
ing vaccine. Furthermore, 42032

children who received at least 1 dose .

of thimerosal-containing vaccine sub-
sequently received at least 1 dose of thi-
merosal-free vaccine. In those receiv-
ing at least 1 dose of whole-cell pertussis
vaccine, there were 407 cases of au-
tism (303 receiving thimerosal-free and
104 receiving thimerosal-containing
vaccine) and 751 cases of other autistic-
spectrum disorders (430 receiving thi-
merosal-lree and 321 receiving thi-
merosal-containing vaccine).
Comparing children vaccinated with
at least 1 dose of thimerosal-contain-
ing whole-cell pertussis vaccine with

©2003 American Medical Association. All rights reserved.



children vaccinated with a thimerosal- -

free formulation of the same vaccine,
we found a fully adjusted RR of 0.85
(95% confidence interval [CI], 0.60-
1.20) for autism andan RR o 1.12 (95%
Cl, 0.88-1.43) for other autistic-
spectrum disorders (TABLE). Further-
more, we found no evidence of a dose-
response association between the dose
of ethylmercury received and autistic-
spectrum disorders (increase in RR per
25 pg of ethylmercury, 0.98 [95% Cl,
0.90-1.06] for autismand 1.03 [95% C1,
0.98-1.09] for other aunsuc—spectrum
disorders}.

Although doses administered after
June 1,1992, were considered thimero-
sal-free, it is conceivable that a few thi-
merosal-containing doses may have been
administered during the months after
this date. To assess whether misclassi-
fication of vaceine type might have bi-
ased our estirmates, we reestimated the
RRs, omitting children vaccinated from
June 1, 1992, through December 31,
1992. We found a fully adjusted RR of
0.87 (95% (1, 0.61-1.23) for autism and
an RR of 1.15 (95% CI, 0.90-1.47) for
other autistic-spectrum disorders and no
evidence of a dose-response associa-
tion (increase in RR per 25 pg of ethyl-
mercury, 0.98 [95% Cl, 0.90-1.07] for
autism and 1.04 [95% C3,0.98-1.09} for
other autistic-specrum disorders}.

In a further analysis we evaluated the
robustness of our results by restrict-

THIMEROSAL-CONTAINING VACCINE AND AUTISM

ing our cohort to children born in 1991-
1993, a presumably more homoge-
neous group with respect to diagnosis,
length of foliow-up, and factors notin-
cluded in this study (eg, mercury ex-
posure through food) and found a fully
adjusted RR of 0.86 (95% Cl, 0.53-
1.39) for autism and an RR of 1.05 (95%
Cl, 0.77-1.44) for other autistic-
spectrum disorders and no evidence of
a dose-response association (increase
in RR per 25 pg of ethylmercury, 0.67
[93% C1, 0.85-1.10] for autism and 1.04
[95% C1, 0.96-1.13] {or other autistic-
spectrum disorders).

" Finally, we evaluated the impact of
missing values by the method of single
impuration, replacing a missing value
with the most common value of the
relevant variable, and found a fully
adjusted RR of 0.85 (5% CI, 0.60-
1.20) for autism and 1.13 (95% CI,
0.89-1.44) for other autistic-spectrum
disorders.

To evaluate whether the incidence of
antistic-spectrum disorders was increas-
ing in Denmark in the study period, we
calculated time period trends from our
cohort. We found statistically signifi-
cant increases in age-adjusted RR per cal-
endar year for both autism and other au-
tistic-spectrum disorders during the
study period (RR, 1.24 {95% CI, 1.17-
1.31] foraurism; RR, 1.21 [95% (I, 1.16-
1.27] for other autistic-spectrum
disorders). In the period from January

1, 1995, 1o December 31, 2000, a pe-
riod where outpatienis were included,
we found similar rends (RR, 1.24 [95%
CI, 1.16-1.32] for autism; RR, 1.20
[95% CI, 1.13-1.26] for other autistic-
spectrum disorders).

COMMENT

We found no evidence of an associa-
tion berween thimerosal-containing vac-
cine and autism in children who
received thimerosal-containing vac-
cine compared with children who
received the same vaccine formulated
without thimerosal. Furthermore, there
was no indication of a dose-response
association between autism and the
amount of ethylmercury received
through thimerosal.

The hypothesis of an association
between thimerosal and autism has pri-
marily been based on biclogical plan-
sibility through analogies with rmeth-
ylmercury.? Ethylmercury, however, is
thought to have a shorter half-life in the
human body than methylmercury, and
no controlled studies of low-dose eth-

_ ylmercury toxicity in hurnans have been

conducted.!’ Pichichero and col-
leagues’? measured the concentration
of mercury in the blood, urine, and stool .

‘of infants who received thimerosal-

containing vaccines and concluded that
vaccination did not raise the blood con-
centration of mercury above safe lim-
its, and that ethylmercury was rapidly

Table. Rate Ratio of Autism and Other Autistic-Spectrum Disorders Comparing Children Vaccinated With a Thimerosal-Containing Vacdne to
Children Vaccinated With a Thimerosal-Free Formulation of the Same Vaccine

Autism Cther Autistic- Spectrum Disorders
I N L |
Person-Years  No. of No. of -
at Risk Cases RA (95% Ch* RA (95% Cht Cases AR (35% CI)* AR {95% CIt
Vaccinations
All thimerosal-free 1660150 303 1.00 1.00 430 1.00 1.00
Any containing thimerosal 1220006 104 0.85(0.60-1.20)  0.85{0.80-1.20 321 1.12{0.88-1.43) 1.12 {0.BB-1.43)
Doses of thimerosal-containing
vaccing
None 1650159 303 1.00 1.00 430 1.00 1.00
1 dose (25 ug eHg) 169920 18 0.99 (0.59-1.68)  1.01{0.60-1.71) 40 0.95 (0.67-1.29)  0.95 {0.66-1.37)
2 doses {75 g eHg) 447973 33 0.71 {0.46-1.02)  0.70 (0.46-1.09) 130 1.20 (0.92-1.56) 1.20{0.92-1,56)
3 doses {125 ug eHg) 602113 53 0.96(0.63-1.45) 0.96 (0.63-1.47) 151 1.141(0.83-1.48) 1.13{0.84-1.51)
Trend (increase in RR 0.98(0.90-1.06) 0.98(0.80-1.06) 1.03 (0.97-1.09)  1.03{0.98-1.09)

per 25 pg eHg)

Abbreniations: G, confidence interval; eHg, ethylmercury, AR, raie ratic.

*Adjusted for confounders: age and caendar period.

TFdiyadpsted age, calendar pariod, chitd's sax, child's place of birth, birth weight, SmnmeApgarscore gestational age, mother's age at birth of chid, and mother's country of

©2003 Amcrican Medical Association. Al rights reserved.
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eliminated via the stools. They esti-
mated the blood half-life of ethylmer-
cury at 7 days (95% Cl, 4-10 days), al-
though their study was not designed as
a formal pharmacokinetic study of eth-
yimercury.

in 1999, when thimerosal was still
widely used, children in the US child-
hood immunization program would
have received 187.5 pg of ethylmer-
cury by the age of 6 months and 237.5
pg of ethylmercury by the age of 2
years.? In Denmark, children would
have received 125 pg of ethylmercury
by the age of 10 months. However, In
the Danish program, children re-
ceived larger doses of ethylmercury per
vaccine (50 pg compared with 25 pgin
the United $tates) so that at 3 months,
Danish children would have received
the same amount of ethylmercury asUS
children (75 pg).?

To our knowledge, our study is the
firs: population-based cohort study 1o
examine the association between thi<
merosal and autism. In Denmark since
1970, only the whole-cell pertussis vac-
cine was formulated with thimerosal,
and this vaccine was the only one used
for pertussis immunization until it was
replaced with an acellular pertussis vac-
cine in 1997, The unique situation has
allowed a direct comparison of chil-
dren vaccinated with a thimerosal-
containing whole-cell pertussis vac-
cine with children vaceinated with the
same vaccine formulated without thi-
merosal, and thus we have avoided con-
{ounding by contraindication and other
selection bias associated with unvacci-
nated children. Furthermore, we have
no reason to believe that the 2 groups
of children differ with respect to other
potential risk faciors for autism.

All data used in this study were col-
lected prospectively, eliminating con-
cerns about recall bias. Madsen and col-
leagues® reviewed the medical records
of 40 children with autism from the
Danish Psychiatric Central Regisier and
found that 37 children met the opera-
tional criteria for autism according to
a systematic coding scheme devel-
oped by the Centers for Disease Con-

trol and Prevention.!* Furthermore,

1766 JAMA, QOclober 1, 2003—Vol 280, No. 13 {Reprinted)

Madsen and colleagues® found Danish

prevalence rates for antism and other
autistic-spectrum disorders compa-
rable to prevalence rates found in other
studies. Thus we conclude that the va-
lidity and completeness of the autism
and other autistic-specuum disorder di-
agnoses in the Danish Psychiatric Cen-
tral Register is high. However, it is pos-
sible that the National Hospital
Discharge Register is not complete with
respect to a diagnosis of tuberous scle-
rosis, Angeiman syndrome, fragile X
syndrome, and congenital rubella. How-
ever, these conditions are rare in the
general population and since we have
compared only vaccinated children,
lack of completeness is unlikely to se-
ricusly confound an association be-
tween thimerosal content and autistic-
spectrum disorder.

‘We found staustically significant in-
creased rates over time for both autism
and other autistic-spectrum disorders.
These results are compatible with a dra-
matic increase in the number of diag-
nosed cases of autistic-spectrum disor-
ders during the study period, similar 1o
what has been observed in other coun-
tries (eg, the United States).

in Denmark, general practitioners ad-
minister all childhood vaccinations and
are reimbursed when reporting these to
the Nationat Board of Health, thus en-
suring 2 high degree of completeness.
In our cohort we found that 96%, 89%,
and 63% of children were vaccinated at
least once, at least twice, and 3 times
with whole-cell pertussis vaccine. The
low uptake of 3 doses is unexpected but
can be partially explained by the tran-
sition to acellular pertussis vaccine in
January 1997. Furthermore, for each
dose there is a small chance of either
missing the dose or the vaccination not
being recorded. Even small probabili-
ties for each dose can, if they are sta-
ustically independent, result in a sig-
nificant reduction in the calculated
uptake of all 3 doses.

A possible weakness of this study is
that the date of diagnosis used as the
incidence date may differ significantly
from the “onset of sympiloms™ date. A
diagnosis of auntistic-spectrum disor-

der can be a lengthy process; this is re-
flected in the mean ages of diagnoses
in this study (4.7 years for autism and
6.0 years for other autistic-spectrum
disorders). However, this is more likely
to be a problem in an incidence study
than in z risk factor study.

In conclusion, our results are not
compatible with the hypothesis of 2
causal association between thimerosal
and autstic-spectrum disorders.
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‘Thimerosal and the Occurrence of Autism: Negative Ecological Evidence
From Danish Population-Based Data
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Poul Thorsen, MD, PhD*; Anne-Marie Plesner, MD, PhDY]; Peter H. Andersen, MDY; and
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ABSTRACT. Objective. It has been suggested that
thimerosal, a mercury-containing preservative in vac-
cines, is a risk factor for the development of autism. We
examined whether discontinuing the use of thimerosal-
containing vaccines in Denmark led to a decrease in the
incidence of autism.

Design. Analysis of data from the Danish Psychiatric
Central Research Register recording all psychiatric ad-
missions since 1971, and all outpatient contacts in psy-
chiatric departments in Denmark since 1995.

Patients. All children between 2 and 10 years old

who were diagnosed with autism during the period from
- 1971-2000.

Outcome Measures. Annual and age-specific inci-
dence for first day of first recorded admission with a
diagnosis of autism in children between 2 and 10 years
old.

Results. A total of 956 children with a male-to-female

_ ratio of 3.5:1 had been diagnosed with autism during the
period from 1971-2000. There was no trend foward an
increase in the incidence of autism during that period
when thimerosal was used in Denmark, up through 1990.
From 1991 unti] 2000 the incidence increased and contin-
ued to rise after the removal of thimerosal from vacdines,
including increases among children born after the dis-
confinuation of thimerosal.

Conclusions. The discontinuation of thimerosal-con-
taining vaccines in Denmark in 1992 was followed by an
increase in the incidence of autism. Qur ecological data

do not suppert a correlation between thimerosal-contain--

ing vaccines and the incidence of autism, Pediatrics 2003;
112:604 - 606; autism, vaccine, thimerosal, mercury, popu-
lation, epidemiology.

ABBREVIATIONS. ICD-8, International Classification of Diseases,
Eighth Revision; ICD-10, Iniernational Classification of Diseases, 10th
Revision. '

From the *Danish Epidemiclogy Science Centre, Department of Epidemi-
ology and Social Medicine, University of Aarhus, Denmark; {Institute for
Basic Psychiatric Research, Department of Psychiatric Demography, Psy-
chiatric Hospital in Aarhus, Risskov, Denmark; §National Centre for Reg-
ister-Based Research, University of Aarhus, Aarhus, Denmark; and the
State Serum Institute, Department of Medicine, Copenhagen, Denmark.
Received for publication Dec 12, 2002; accepted May 8, 2003.

Reprint requests to (K.M.M.) Danish Epidemiology Science Centre, Depart-
ment of Epidemiology and Social Medicine, University of Aarhus, 8000
Aarhus, Denmark. E-mail: knm@dadinet.dk.

PEDIATRICS {ISSN 0031 4005). Copyright © 2003 by the American Acad-
emy of Pediatrics.

604 PEDIATRICS Vol. 112 No. 3 September 2003

association between thimerosal, a vaccine pre-

servative that contains ethyl mercury, and neu-
rodevelopmental outcomes, including autism.}?
Findings in the field of methyl mercury have been
used to suggest causality. Prenatal exposure to low
doses of methyl mercury has been assocated with
subtle neurodevelopimental abnormalities in some
studies,** and symptoms of autism and methy! mer-
cury intoxication have been claimed to be simjlar.?
More research has been requested,® and a recent
study of the concentrations of mercury after expo-
sure to thimerosal-containing vaccines concluded
that thimerosal poses very little risk to fuli-term in-
fants.® In Denmark, thimerosal was used in child-
hood vaccines from the early 1950s until 1992. The
objective of our study was to assess the incidence
rates of autism among children between 2 and 10

T | there has been concern that there may be an

years old before and after removal of thimerosal

from vaccines to see if the discontinuation led to a
decrease in the incidence of autism.

PARTICIPANTS AND METHODS

For this study, the period of use of thimerosal vaccines was
limited to 1961 until its disconitinuation in March 1992 because
informatior about the diagnosis of autism has only been cbtain-
able from a nationwide computerized registration system, the
Danish Psychiatric Central Research Register,” since 1969 and only
children born in 1961 or later were at risk of developing autism
before 10 years of age. Thimerosal was used during 1961~1970 in
the diphtheria-tetanus-pertussis vaccines given in 4 doses when
the child was 5, 6, 7, and 15 months old, and during 1970-1992 in
the whole-cel} pertussis vaccines given in 3 doses when the child
was 5 weeks, 9 weeks, and 10 months ¢ld. The concentrations used
in the vaccines from 1961-1970 and from 1970-1992 were 0.01% =
0.1 mg thimerosal, which equals 50 ug ethy] mercury per mL
vaccine. The amount of vaceine given was 1 ml, except for the first
dose of monocomponent pertussis vaccine where it was only 0.5
mL from 1970-1952. This means that children who followed the
full vaccination program during the period 1961-1970 had re-
ceived a total of 400 pg of thimerosal or 200 ug of ethy} mercury
by the age of 15 months and during the period 1970-1992 they had
received a total of 250 ug of thimerosal or 125 g of ethy! mercury
at 10 months of age. In March 1992 the last batch of thimerosal-
containing vaccne was released and distributed from Statens
Serum Institut in Denmark. All vaccinations were given free of
charge and acceptance of vaccinations in Denmark has always
been very high; from 1979 onward data on vaccination coverage
was available and coverage rates of >%0% were found (informa-
ton was obtained from the State Serum Insttute). Whether the
toxicity of methyl mercury and ethy! mercury is the same remains
controversial®® but the recommended safe intake level of methyl
mercury is estimated to be 0.1 ug/kg body weight/day by the US
Environmental Protection Agency.'® However, other federal reg-
ulatory agencies have recommended slightly higher levels.?



Psychiatric inpatient treatment in Denmark has been reported
to the Danish Psychiatric Central Research Register since 1969,
and since 1995 outpatient activities were registered as well, pro-
viding the opportumity o examine long-term trends of the occur-
rence of autism in a total national population. In Denmark, inpa-
tients refer both to children who stay at the hospital overnight and
to children who come to the hespital on a daily basis for evalua-
tion and treatment. The proportion of outpatient to inpatient
activities was about 4 to 6 imes as many outpatients as inpatients
with variations across time and age bands. We obtained informa-
tion on all children who from the second birthday up to, but not
including the 10th birthday were diagnosed with autism in the
period from January 1, 1971 to December 31, 2000 in the Danish
Psychiatric Central Research Register.during which period the
register is assumed to be complete. The diagnosis of autism in
children <2 years of age was considered uncertain. ATl individuals
in Denmark are assigned a unique personal identification num-
ber?® which is used in all national registers. Admissions to psy-
chiatric hospitals in Denmark are coded using this CPR-number,
which eliminates the risk of double-counting of cases. The date of
onset was defined as the first day of the first admission Jeading o
a diagnosis of psychosis proto-infantilis {International Classification
of Discases, Eighth Revision [ICD-8):'299.00) or psychosis infantilis
posterior (ICD-8: 299.01) or from 1994 onward, infantile autism
(International Classification of Diseases, 10th Revision |ICD-10}: F84.0)
or atypical autism (JCD-10: FB4.1).1213

Statistics

Incidence rates were caiculated for each year 1971-2000 using
the age and gender specific number of persons in Denmark as a
denorinator, For each year and age band, we calculated the
incidence as the number of people who at that age band and year
was diagnosed with avtism for the first ime divided by the total
number of people alive and living in Denmark at that age band
and year.

RESULTS

A total of 956 children with a male to female ratio
of 3.5:1 had been diagnosed with autism during the
* period 1971-2000. Figure 1 shows the incidence rates
according to calendar year and age band. The indi-
dence was stable until 1990 and thereafter it in-
creased in all age groups until 1999. Generally, rates
were lower in 2000 than in 1999. Further subdivision
by gender had no impact on these results (data not
shown). In additional analyses we examined data
using inpatients only. This was done to elucidate the
contribution of the outpatient registration to the
change in incidence. The same trend with an increase
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Fig 1. Incidence of autism by age and calendar year. The asterisk
(") indicates removal of thimerosal-containing vacdnes in 1992

in the incidence rates from 1990 until the end of the
study period was seen (data not shown).

There was no trend toward an increase in the
incidence of autism during the period when thimer-
osal was used up to 1990. The incidence of autism
began to increase in 1991, but continued to rise after
the discontinuation of thimerosal (Fig 1), including
increases among children born after 1992 (ie, the
peak autism incidence in 1999 among childrer aged
2to 4 and 5 to 6 years of age corresponds to children
born in 1993-1997 after the introduction of thimero-
sal-free vaccines).

DISCUSSION

This study investigated if the discontinuation of
thimerosal-containing vaccines paralleled a decrease
in the occurrence of autism. The incidence of autism
remained fairly constant during the period of use of
thimerosal in Denmark, and the rise in incidence
beginning in 1991 continued even in the group of
children born after the discontinuation of thimerosal.
The amount of thimerosal used in vaccines changed
during the study period with less amoynt of thimer-
osal administered in the period 1970-1992. More-
over, the thimerosal-containing vaccine was gradu-
ally phased out meaning that the incidence rates
should decline gradually if thimerosal has any im-
pact on the development of autism. However, an
Increase (rather than a decrease) in the incidence
rates of autism was observed.

Only very few incidence studies of autism have
been made, and we found similar incidence rates and
the same trend of increasing rates of autism in our
study compared with studies conducted in other
countries.?*15 The increase in the incidence of autism
from 1990 on may be attributable to more attention
being drawn to the syndrome of autism and to a
change in the diagnostic criteria from the ICD-8 to
the ICD-10 in 1994. Also, outpatient activities were
included in the Danish Psychiatric Centra] Research
Register in 1995 and because many patients with
autism in former years have been treated as outpa-
tients this may exaggerate the incidence rates, simply
because a number of patients attending the child
psychiatric treatment system before 1995 were re-
corded for the first ime, and thereby counted as new
cases in the incidence rates.

CONCLUSIONS
The discontinuation of thimerosal-containing vac-
cines in Denmark in 1992 was followed by an in-
crease in the incidence of autism. Our ecological data
do not support correlation between thimerosal-con-
taining vaccines and the incidence of autism. Qur
data cannot, of course, exclude the possibility that

thimerosal at doses larger than used in Derunark -

may lead to neurodevelopmental damage.
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FAT BABIES-AND HEALTH

“In a recent issue an English contemporary calls attention to the mischief that is
being done by the present standard that is accepted as regards healthy babies. As
this paper well says, at baby shows the prize is practically always given to the
fattest baby. There is a tradition current among mothers, as far as the memory of
man runneth, that fat babies are just the pink of perfection. The surest index of this
is that all manufacturers of artificial infant food advertise their wondrous virtues
by photographs of thoroughly rounded, and at times positively obese dumplings
of babies. Mothers are very proud of their young hopefuls if they are a mass of
curves and dimples with deep folds at all the joints and cushions of fat that conceal
their anatomy so effectively as to make them formless little masses of humanity.”

JAMA 100 years ago. JAMA. 2003,289:1866

Editor’s Note: Not much change in 100 years! Will-we ever win this one?
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Neurotoxic Character of Thimerosal and the
Allometric Extrapolation of Adult Clearance

Half-time to Infantsy

L. Magos*
107 Boundary Rd, Wallingion, Surrey SM6 O0TE, UK

Key words methylmercury, ethylmereury, thimerosal; vaccination; toxicity, infants, kinetics; allometric extrapolation.

The decomposition rate of organomercurials and the potency of the blood—brain barpier increase with the size
of the organic radical Thus methylmercury damages the brain more than thimerosal does, and when intake
limits set for methylmercury are applied to thimerosal the safety marpm is increased even il the clearances
were the same. However, the clearance half-time of ethylmercury in adults is about one-third of the 50 qnys’
clearance half-time of methylmercary given for 60 kg body weight Moreover, because metabolic rates (e.g.
basal metabolism, daily Joss of mercury in per cent of body burden) in different weight groups are related to
the fractionzl power of body weight (rule of allometry), mercery clears from the infant body faster than from
the adult body. Blood mercury contentrations observed after vaccination showed agreement with allometrically
extrapolated concentrations. Copyright © 2003 John Wiley & Sons, Ltd.

INTRODUCTION

The permicidal effect of mercury ip its different forms
has entered a new phase in the past century when, as a
preservative, sodium ethylmercury thiosalicylate (proprie-
tary names: thimerosdl, thiomersal, methjolate sodium)
was added to commercial products of human plasme,
immunecglobulins (immunoglobulin G; hepatitis B immune
globulin) and vaccines (adsorbed diphtheria, tetanus and
pertussis, hepatitis B, haemophylus influenzae and influ-
enza). The pext milestone i the history of ethylmercury
thiosalicylate was the joint stalement on thimerosal in
vaccnes by the American Academy of Pediatrics and the
Public Health Service {1999). The statement was not alarm-
ist but opened discussion and debaie (Pless and Risber,
2000; Ball er al., 2001, Freed er al, 2002) on the use of
ethylmercury thiosalicylate in vaccines.

COMPARATIVE TOXICOLOGY AND KINETICS
OF METHYL- AND ETHYLMERCURY

Follow-up studies on children bom 1o mothers exposed
to methylmercury during the epidemic ip Irag supgested
that the ietal brain is at parteular risk (Marsh er o/, 1981,
1987). Consequently, intake limits set for methylmercury
have 10 be Jow enough to prevent damage to the feta)

* Corsespondence 10: L. Mapos, 107 Boundary Rd, Wallingion, Surrey
SM6 OTE, UK.

E-mail: Laszlomages®aol.com

1 This srticle is based on a leclure sponsored by the World Health
Organization given ko the Global Advisory Commitice on Vaecine Saicty,
Geneva, 2000

Copyright © 2003 John Wikey & Sons, Lid.

brain. Daily intake limits range from 0.1 pg Hg kg™ day?
{(Environment Protection Agency: EPA) 1o 047 pg kg™
day™ (WHO, 1990). The starcity of data on ethylmereury
explains the absence of similar assessment for ethylmer-
cury. Reporis from ethylmercury epidemics in China
(Zhang, 1984} and Irag (Damlujfi, 1962) listed oniy clinical
mapifestations withou! data oo mercury in biological
media. Opne way out of this impasse 15 10 relate available
data on the toxicity of ethylmercury to the toxicity of
methylmercury and to give consideration to differences
between both the kinetics of ethylmercury and methyl-
mercury and the ¥ipetics in adults and infants. )

Mercury forms organometallic compounds in which
one valence 35 occupied by an anjon ang the other by ap

- organic Tadical, The choice of anjon is dictaied by physi-

cochemical considerations concerning volatility or solu-
bility, but the anion has no influence on the distribution or
toxicity of the absorbed compound. Thus there is no dif-
ference between the distribution or 1oxicity of ethylmercury
chloride or ethylmercury thiosalicylate (Suzuki er al, 1973),
Contrary to tbe znion, the size of the organic radical is the
delerminant of toxicity. .

Table 1 summarizes the crucial differences between
three organomercurials, With increasing size, the bond
between mercury and the orpanic radical becomes Jess
stable, the protective effect of the blood-brain barrier
becomes more potent and the central nervous system
(CNS) toxicity weakens. Contrary to the 19 days' clear-
ance half-time of the methylmercury molecule in rats,
phenylmercury decomposes with 2 half-time of 12 h and
its access to the brain and toxicity to the CNS is in the
category of inorganic mercury salts (Magos, 1981). Ethyl-
mercury occupies a middle position between methyl- and
phenylmercury. Compared with ethylmercury the passage
of methylmercury across the blood-brain barrier is facli-
tzied not only by its size but also by forming a complex
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Table 1—Relationship between the organic radicals of organomercurial compounds and toxicologically important characteristics

Methylmercury Ethylmercury Thimerosal Phenyimercury
chioride chioride acetste
Anipn C ct COONe CH,S OCOCH,
Metal Hp - Hyg Hg Hg
Organic radical Methyl Ethy! Ethyl Pheny!
Moiecular weight 2513 265 405 eyl
Weight of organ radical 15 29 . 23 7
Stability of Hg—C bond Strong Weaker Weaker Very weak
_ Potency of the Weak Moderate Moderate Strong
biood-brein barrier
Neurotoxicity Strong Moderate Moderste None

Table 2—Relationship between mercury in blood and brain and cerebellar granular layer damage

in rats 10-12 days afier five daily doses of methyl- or ethylmercury

Dose {mg Hg kg™)

Mercury conc, {pp g7 Methylmercury Ethylmercury
Bmg B mg 9.6 !
in blood
Tatal 144 223 304
inorganic 1.1 73 58
In brain
Total 13.7 5.8 8.8
Incrganic 0.3 0.58 09z

Cerebellar granular
layer damage

Sum of lobular scores

18 rats per group and 10 Iobules per rat)

in depth of Jo_.bu.lrs

Negative 73 180 147
1+ 57 0 a3
24 55 1] 4]
3+ 5 0 0
In crest of lobules
Negative 106 180 158
T+ 54 D 22
24 19 o] 4}
3+ 1 v} D
- -

with L-cysieine that is struciurally similer to L-methionine.
In this form, methylmercury is carried through the blood-
brain barrier by an active transport system for peotral
amino acids. Another transport mechanism, most Likely
diffusion, is about ten times slower than the active trans-
port (Kerper er al., 1992). Diffusion can operate for ethyl-
mercury, although owing to its size at a slower rate.
Table 2 illustraies the influence of stability and the pro-
tective potency of the blood-brain bamer (Magos er al,,
1985). After identica) doses, ethylmercury-treated rats
had more mercury in the biood and jess in the brain than
their methylmercury counterparts, and the contribution
of inorganic mercury was higher. The difference in blood
and brain mercury concentrations means that the blood-
brain concentration ratio estabiished for methylmercury
overestimates the brain mercury concentraton for ethyl-
mercury, The Jower part of Table 2 demonstrates the
meaning of these differences for CNS toxialy: that five
daily doses of 8 mg Hg kg™ caused no damage in the
cerebellar pranular layer when it was given as ethylmercury,
whereas methylmercury cavsed damage in 60% of the
icbules. Even when the dose of ethylmercury was increased

Copyright © 2003 John Wiley & Sors, Lad.

to 9.6 mg kg™, which is 86% of the lethal dose, <20% of
the jobules were affecled. Naturally the protective effect
of the blood-brain barrier is restricted 1o the brain and
does not cover other tissues such as dorsal root gangha
and kidneys. :

There i some evidence that in humans also ethylmercury
is Jess toxic than methylmercury. In the methylmercury
epidemic in Iraq, death occurred in the group with a 4-
5 pg ml™ blood mercury concentration (Bakir er al., 1973),
whereas in two deceased patients in the Iraq ethylmercury
epidemic, the blood mercury concentration was 15 pg mi~
(Hilmy er al., 1976). Thus these two victims went on with
the consumption of ethylmercury-contaminated bread long
after mercury in the blood passed the 5 pg mi™ mark.

CLEARANCE HALF-TIME

Besides Jower stability and .inferjor ability 10 cross the
blood-brain barmet, faster clearance zalsoc moderates the
toxicity of ethylmercury. For methylmercury the clearance

J. Appl:Toxicol 23, 263-269 (2003)



THIMEROSAL IN INFANTS 265

Tabje 3—Relationship between clearance half-time (7,5} and body burden {#) and blood mercury

concenmation al steady siale

Formula Methylmercury Ertyimercury
Clearance hal-time in days T 50 18
Daily loss in % of body burden b=in 2T, 0.0139 . 0.02%
Body burden B steady state Daily dose/b 72 7.2 26 2.0

Body burden and blood mercury concentrations ot steady siate for daily
permissible intake limits

Fermissible Body burden Biood Hg cone.

daily intakes {ng Hg kg™ {pg Hg I’ biood)

ing Hg kg™ cey™

T'uz TVZ
50 days 1B days 50 days 18 days

0.7 (EPA) A 26 5.0 ' 1.8
0.3 {ATSDR) 2158 7.7 15.0 5.4
0.4 (FDA] 28.7 0.3 200 72
0.47 (WHD) 335 121 35 B4

bali-tire is given as 50 days in a person of 60kg body
weight (ATSDR, 1999). A report indicated that in four
putients who were given plasma containing thimerosal,
mercury cleared from red blood cells with  week hali-
time and a1 a slower rate from plasma (Suzuki ef al., 1973).
Assuming a 40% hacmatocril, these data indicate that
mercury cleared from whole blood (in three patient with
at Jeast five estimations) with ca. 18 days’ half time.
Table 3 {lustrates the meaning of the difference between
50 apd 18 deys’ half-times in relation to body burden
at steady state, i.e. when, after prolonged exposure, daily
excretion equals daily intake. It cap be seep that a1 50 days®
hali-time the daily loss of mercury in per cent of body
burden is 2.8 times lower and the body burdep is 2.8 times
higher than a1 18 days’ half-time. The Jower parl of the
table shows the effect of clearance on body burden and
the blpod concentration of mercury at steady state lor
different oral intake Jimits set for methylmercury by four
apencies. The aim is 1o protect the fetal brain against the
adverse effect of iong-term (365 days or longer) meternal
exposure. Differences between the limits of maternal ex-
posure refiect differences in safety margins. The starting

line for setting these limits was measured hair mercury |

concentrations, which were exirapolated o blood mercury
and daily intake {ATSDR, 1999). Because hair mercury
does not show short temperary fluctuations in input, it
is tmplicit in the use of hair merecury for caleulating daily
intake or blood mercury that short-term finctuanons,
e.g. tise in blood mercury afier a meal, are of secondary
jmportance.

EXTRAPOLATION OF ADULT CLEARANCE
HALF-TIME TO INFANTS

If infants handle ethylmercury less efficiently than aduits
do, they must have longer clearance half-time and higher
blood mercury concentrations at the same Jevel of intake.
The argument against this possibility is that, unlike organ
weights and volume of blood, which tend to increase in

Copyright © 2003 John Wiley & Sons, Lid.

Table 4—Comparison of observed (Ciba-Geigy, 1982) basal meta-
bolic rates with metabolic rates allometrically extrapolated from
a 60 kg body weight adul 10 infant body weights

Basal metabolic expenditure

{kealkg™ min™)
Body weight  Observed Extrapolated
tkg) {deviation from cbserved)
Adult 60 0.0187 -
Intant 10 0.0375 0.0320 {-15%)
9 0.0378 0.033D {~-13%)
B 0.0379 0.0342 (-10%}
7 0.038% 0.0356 [= 7%}
[ 0.0383 0.0373 - 3%}
5 0.0386 0.03254 {+ 2%)
45 0.0388 0.0407 {+ 5%)
4.0 0,0385 00427 I+ T%) -
3.5 0.0400 D.0438 (+10%)

proportion to body weight, functions such as blood fiow,
ventilation znd metabalic rates are related to the fractional
power of body weight. This relationship is described by
aliomeiry (meaning ‘of another measure’) and the basic
equation is :

Y = aM* 1)

where Y is the variable and M s the body mass n kg,
scaling factor & and exponent e are empirically derived
constants (National Academy of Sciences, 1987). When
the tate of the funciion (basic metabolism, daily loss
from body burden) is known in group one, the variable
in another weight group can be extrapolated using

Y= Y (M, M) o.olsl (2)

Table 4 shows that by inserting the 0.187 keal kg™ min™

basic metabolic rate of a 60kg man into Eqn. (2) the

basic metabolic rate of infants (¥) can be extrapolated

1o be ¥ = 0.187 (60 kgfinfant kgY", Differences belween
(=X BT

1 J. Appl. Toxicol. 23, 263-269 (2003)
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Table 5-—Comparison of observed (Ciba-Geigy, 1984) clearance
half-times (7T,,) with aliometrically exirapolated clearance hal-
times in differemt species (the daily loss of mereury in per cent of
body burden is in parentheses)

Species Body T
weight
{kg) Ohserved Extrapolated
Egn. (1} Egn. (2}
Hurman 60 50 55, o -
10.0139) {60724}

Macaque  4-6 22-26 25-28 2225
monkey {0.027-0.031) (0.025-0.028) {0.029-0.032}
Rat 0.35 11-14 12 11

{0.050~0.063) {0.058) {0.063)
Mouse 0.03 5-8 5.6 6

{0.087-0.138} {0123} {0.170)

observed (Ciba-Geigy, 1982) and extrapolated vaiues are
within 15%.

Table 5 compares observed and allometrically exira-
polated clearance half-times (7,,) and the daily Joss of mer-
cury in per cent of body burden {b} in four species given
methylmercury by using Egn. (1): b = 0.043(M)™? and
T,n = 163(M)". These equations give b =0.013 and T, =
55 days for an adult of 60 kg body weight, which differ

_only slightly from b = 0.014 and T,, = 50 days (ATSDR,
1959} used in the following interspecies and adult to infant
extrapolations (Ego. (2)): b = 0.014 (60 kg/M)™? and Ty, =
50(60 kg/M)™2. Note that owing to the inverse Telation-
ship between b and Ty, (T =1n 2/b) in Equ. (1) for b and
in Egn. (2) for Ty,, the exponent is negative.

Table 5 demonsirates that differences between observed
half-times (FAQ/WHO, 2000) and values given by the
two allometric calculations for four species are within
the acceptable range. Even a weight difference larger than
the differences between the body weights of adults and
infants does not invalidate the predictive use of allometry.

The same equations were used for the extrapolation of b
and T3, io infapts. i

Tables 6-8 justify the usefulness of allomewuic extra-
polation for thimerosal. In the conversion of body burden
10 blood mercury concentration it was assumed that 5% of
the body burden is in the blood compartment and that the
blood volume is 7% of the body weight (ATSDR, 1999).
This means that after the initial distribution phase the blood
concentration is ca. 30% lower than the concentration
in the whole body. Although during the initial phase of
distribution. the blood mercury concentration is bigher, it
moves towards this relationship (Kershaw et al., 1980). The
initial distribution phase is not significantly higher even for
methylmerenry, which has ap attive transport mechanism
into brain. In Table 8 body weights for each infanl age
group were taken from published tabulations (Ciba-Geigy,
1984). The same source was used to caiculate the time-
dependent change in body weight from 2 measured value.

Table & gives the measured blood mercury concentra-
tions in three groups of infants and compares these with
extrapolated blood concentrations. In extrapolation, S0 and
18 days® half-times were used with 2nd withow allometry.
Term neonates were op average 4.8-fold heavier than pre-
term neonates and therefore preterm neonates received 2
4.840ld higher dose than term neonates. Two and 2 balf
days after vaccination, their mercury concentratior 1p
blood was only 3.3 times higher than in term infants. Thus,
contrary 10 the statement made by the authors of this
report (Stajich er al,, 2000), preterm infants haodled the
ethylmercury load more efficiently than term infants did.
in term neonates, owing 10 the combination of a low dose
and the shortness of time between vaccination and blood
sampling, both the half-times and their allometric extrapo-
lation pave values near 1o the measwured concentration. 1n
the two other groups — the groups of preterm (Stajich
et al., 2000) and 2-montb-old infants (Pichichero et al., 2002)
— the allometrically adjusied 18 days’ clearance hali-
time gave the best prediction. This finding is confirmed
in Table 7, which shows observed mercury concentrabon
in 6-month-old infants 16 days after the last vaccination

- Ea

Table 6—Measured and predicied blood mercury concentralions afier vaccination in infants

Preterm neonates”

Tern neonates®  2-Month-pid infants®

No. of infants 15
Body wt [kgl 0.74B
Dose {(pg Hg) 12.5
Dose {ug He kg™ 16.7
Blood {ug " HY) &t zeto time 117

Measured blood Hg concentration {pg I
2.5 days after vaccination 7.36
11 days after vaccination -

5 20
3.58B 5312
12.5 50.0
© 3.48 8.47
2.44 €.59
2.24 -
- 1.5

Extrapolated blood Hg eoncentration (extrapolated/measured congc. ratio in parentheses}

Without allometry

T,p=50 11.3 {1.54)

T =18 10.61 {1.44}
With allometry

Tin = 50 10.90 (1.48)

Tz =18 B.17 {111}

" 2.35 |1.05) 565 {3.77)
2.21 10.99) 431 [2.87)
2.25 (1.00) 481 {3.27)
1.96 (0.88) 274 {1.B2}

* Measured concentration from Siajich et al. (2000}.
b Measured concentration irom Pichichero et al. {2002),

Copyright © 2003 John Wiley & Sons, Lid.
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Table 7-——Calculated body burden of mercury in infants given 112.5 pg of Hg as thimerosal in the
first 6 months of iife and comparison of measured (Pichicherc er al., 2002) with calculated biood
thercury concentration 16 days afier the last vaccination (balf-times were allometrically extrapolated
10 the weight of infants)

Age {months)  Body wt {kg}  Hg dose (k) Body burden (ug)
Before dosing Ater dosing

Tan = B0 Twe=18 Tp=50 Tp=18
2 531 315 3756 3s
3 £6.10 - 162 35 - -
4 7.00 s 7.0 0.36 445 s
g 7.68 - 20.4 424 - -
3 B4 375 9.4 0.a0 45.8 ne
16 Days safter iast vactination
Measured blood Hg (ug ™) 0.88
Extrapolated
Body burden {ugl 31.1 122 -
Body burden {pg Hg kg™ 3.87 1.50 )
Blood Hy {ug I 2.70 1.07
Calculatedimeasured blood My ratio 28 1.09

Table 8—Predicted body burden znd blood conecentration of merewry in girls given 187.5 pg Hp a8
thimerosal in the first 6 months of life; the scheduie of vaccination followed the pattern given by
an lostitute of Medicine document (2003)

Age Body Dose Before dosinp Atter dosing
{months} wt (kg gl
' 1g Hg noHp ps Hg rg Hg I

in body biood in body biood

0 a2 125 125 273

b5 36 3.2 D.62 -

1 4, - C.B5 ‘0.15 -

1.5 4.3% 024 0.04 -

2 47 625 0.07 0.0% 632 .41

25 5.0 185 2.8D

3 5.4 - 5.56 0.72 - .

35 58 | 1.72 028

4 652 50.0 0.54 0.06 . 508 570

4.5 6.5 T 163 1.76

5 6.8 - 5.3 0.54

&85 7.0 1.8 0.18

[ 7.2 625 0.50 0.06 €31 6.3

E.5 7.4 213 2.07

7 17 - 7.3 0.66

7.5 7.8 2.5 0.22

B B.2 - D.87 0.07

(Pichichero ef al., 2002) and aliometrically extrapolated
concentrations afier vacgination at 2, 4 and 6 months of age.

Tabie 8 foliows the vaccination schedule given in an ln-
stitute of Medicine document (2001). This table shows thai
mercury concentration in blood never exceeds the ATSDR,
FDA or WHO limits but it exceeds the 50ug)” EPA
Jimit in decreasing order after the second, third and fourth
vaccinations. Even after the highest blood mercury con-
centration of 9.4 g1, the level decreased below 5 pg 1™
within 7 days. Apart rom clearance, an increase in body
weight influenced the concentration by there being dilu-
tion in 2 larger volume. :

Copyright © 2003 John Wiley & Sons, Lad.

Peak concentrations, even from highly 1oxic deses, are
not an absolute measure of CN§ toxicity. Tabie 9 shows
that when rats were given 8 mg Hg kg™ as methylmercury
for 6 days, all of them developed cerebeliar damape. How-
ever, when DMSA (dimercaptosuccinic acid, a polent
depletor of mercury stores) was given 3-5 days afier the
last exposure day, the DMSA-treated rats had Jess mer-
cury in the brain and developed significantly less damage
(Magos er al., 1978). A similar observation was made on 2
patient who had 14 ug mI™ blood tmercury concentration
after the ingestion of 41 mg kg™ mercury as thimerosal.
(Pfab e e, 1996).

J. Appl. Foxzicol 23, 265-269 (2003)
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Table 9—Effect of dimercaplosuccinic acid (DMSA, which depletes mercury stores) on the brain
coneentration of mercury and cerebellar damage. in rats given § mg kg™ mercury as methylmercury

for 6 days
Days afier Brain mercury concentration (pg g™
last dose
No DMGA DMSA given on days in parentheses
1 18.7
3d 202 18.5{1,2), 173(2)
5=7 210 9.6(1,2,3), B.9(2,3,4), 12.6{3,4,5]
. 8-10 23.6 8.1{1.2,3), 7.3(2.3,4), B.9(3,4,5], B.1(4,5,6), B.5(5,6,7)
DMSA No. Cerebeliar granular Jayer damage
of rats [% of rats)
T+ 2+ 3+ A+
§-20" No 12 [} v 26 7
yes 18 37 26 37 1}

* Three days of treatment with DMSA started 3-5 days after the last méthylmercury GOSsE.

CONCLUSIONS

(i) Decomposiion (spliting of the mercury-carbon
bond) is a detoxification process for CNS toxicity,
Because ethylmercury is decomposed faster than
methylmercury, the risk of brain damage is less for
ethy)- than for methylmercury, even if access of the
intact molecules to the brain were the same.

(ii) Access of ethylmercury to the brain is below the
access of methylmercury, partly because passape
through barriers favours the smaller molecule but
mostly because methylmercury is actively transported
through the blood-brain barrier. Thus the blood~brain
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because it could help displace the goal-less, progress
driven, never-happy medicine that grew out of [its)
embrace of modernism.” We need fo understand
“the social meaning of medicine and health care,” he
declared, “and the relationship of medicine to the
cultures of which it is a part.” In this regard, }.
Kirby® of Australia also made some relevant com-
ments {concerning the need to slow the headlong
rush of modern medicine),

“My hope is that it won't be the epitaph of our
generation that people will say: "Here was a commu-
nity which developed the most amazing, dazzling
fields of science and yet proved themselves so indif-
ferent or incompetent, that they didn’t address the
serious social and ethical consequences of what they
were up to."”

WILLlAM A. SILVERMAN, MD
Greenbrae, CA 94904-1947
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Thimerosal and Autism?

oncern has been expressed over the possibility

that the mercury-containing compound thi-

merosal in vaccines may cause autism.!"4
Thimerosal is sodium ethylmercury thiosalicylate, an
organic compound of ethyl mercury, included in
certain vaccines to protect multiple dose ampules
from bacterial and fungal contamination. Mercury in
sufficient dose is neurotoxic, and probably more
toxic in the immature brain. It is reasonable to ask
whether thimerosal in childhood vaccine increases
risk of chronic childhood neurologic disability and
specifically of autism. The available data with which
to address the question are very limited and largely
inferential. Most of the information we have about
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mercury toxicity is related to exposure to methyl
rather than ethyl mercury.

Bernard et al’ offered an hypothesis that autism is
an expression of mercury toxicity resulting from
thimerosal in vaccines. They base this hypothesis on
their views? that the clinical signs of mercury toxicity
are similar to the manifestations of autism, that the
onset of autismn is temporally associated with immu-
nization in some children, that the recent increase in
diagnosts of autism parallels exposure to thimerosal,
and that there are higher levels of mercury in per-
sons with than without autism.

This review will examine these issues and others to
ask whether, according to evidence now available,
thimerosal is a probable cause of autism. We will not
discuss which, if any, of the differing guidelines
designed to limit exposure to mercurials is appropri-
ate for deciding whether thimerosal in vaccines is in
all regards safe for children. Our focus is on a nar-
rower but important question: whether current evi-
dence indicates that mercury at any known dose,
form, duration, age, or route of exposure leads to
aufism.

ARE THE CLINICAL MANIFESTATIONS OF
AUTISM SIMILAR TO THOSE OF RECOGNIZED
MERCURY TOXICITY?

Bernard et al’ present a table listing ~95 clinical
findings they consider to be shared by autism and
mercury poisoning. Their table does not distinguish
typical and characteristic manifestations of either
disorder from the rare, unusual, and highly atypical.

In mercury poisoning, the characteristic motor
findings are ataxia and dysarthria (Table 1).56 These
signs, along with tremor, muscle pains, and weak-
ness, are noted on relatively high-dose exposure,
acute or chronic. In 3 Romanian children accidentally
exposed to ethyl mercury in a fungicide, these same
symptoms were prominent.? The outcome of fetal
methyl mercury poisoning in severe form also in-
cluded spasticity.®? In contrast, in autism, the only
common motor manifestations are repetitive behav-
lors (stereotypies) such as flapping, circling, or rock-
ing. Persons with Asperger syndrome may be
clumsy, and hypotonia has been noted in some in-
fants with autism; the frequency of clumsiness and
hypotonia in autism spectrum disorders is not estab-
lished. No other motor findings are common in au-
tism, and indeed the presence of ataxia or dysarthria
in 2 child whose behavior has autistic features
should lead to careful medical evaluation for an al-
ternative or additional diagnosis.

The most characteristic sensory finding of mercury
poisoning is a highly specific bilateral constriction of
visual fields.>5% With lesser exposure there may be
compromise of contrast sensitivity.10?? In addition,
there may be paresthesias or, in infants, erythema
and pain in hands and feet because of peripheral
neuropathy. In zutism, decreased responsiveness to
pain is sometimes observed along with hypersensi-
tivity to other sensory stimuli, including hyperacu-
sis. The “sensory defensiveness” of autism seems to
reflect altered sensory processing within the brain
rather than peripheral nerve involvement.12-14



TABLE 1. Characteristic Findings in Autism and in Mercury Poisoning

Autism Mercurism
Motor Stereotypies Ataxia, dysarthria
Vision No abnormality Constricted visual fields
Speech Delay, echolalia Dysarthria
Sensory Hyper-responsiveness Peripheral neuropathy
Psychiatric Socially aloof, insistence on Toxic psychosis; in mild cases, nonspecific
SAMEenEess depression, anxiety
Head size Large Small

Other signs that may appear in children with
chronic mercury toxicity, such as hypertension,i5
skin eruption,’¢ and thrombocytopenia,l” are seldom
seen in autism. ‘

In relatively mild mercurism in persons without
characteristic motor or sensory changes, psychiatric
symptomatology may be absent, and if present is
nonspecific, with findings such as depression, anxi-
ety, and irritability.’8-2¢ There may be impairment
of recent memory. Even for individuals with known
elevated postmortem levels of mercury in brain, it
may be impossible to conclude whether the nonspe-
cific psychiatric findings they demonstrated in life
were the result of mercury toxicity.? -

When severe mercury poisoning occurs in prenatal
life or early infancy, head size tends to be small and
microcephaly is common.®? Prenatal exposure to
other neurotoxins—lead, alcohol, and polychlori-
nated biphenyls, for example—also predispose to
decreased head size. In contrast, in autism increasing
evidence indicates that head size®25 and, as mea-
sured by volumetric magnetic resonance imaging,
brain size??’ tends to be larger than population
TIOIINS.

* At sufficient dose mercury is indeed a neurotoxin,
but the typical clinical signs of mercurism are not
similar to the typical clinical signs of autism. ~

ONSET OF AUTISM SYMPTOMS AFTER
IMMUNIZATIONS

Evaluation of causation cannot depend on tempo-
ral association as reflected by anecdotal observations
of selected instances in which a relfatively uncommon
outcome such as autism is noted zfter a common
childhood exposure such as immunization. Only rig-
orous methods that attempt to include all instances
of both exposure and outcome can provide evidence
of association, and association is necessary but not
sufficient to establish causation.

Age of onset of symptoms can be highly mislead-
ing as an indicator that some environmental event
has caused or precipitated a disorder. Even single
gene disorders may have a period of apparently
normal development (~1.5 years in Rett syndrome,
45 years in Huntington’s chorea) before symptoms
‘begin. The onset of clinically recognizable signs and
symptoms in Rett and Huntington syndromes does
not require an environmental “second hit.” In Rett
syndrome, the mutation causes previously appar-
ently normal children to lose acquired developmen-
tal milestones after 1 years old to 2 years old, with a
phase during which they may present behaviors con-
sistent with autism. This disorder can also have its

clinically apparent onset soon after the completion of
immunizations, but Rett syndrome is known to be
determined by a single genetic mutation that pro-
duces failure in the normal program of brain devel-
opment. If we did not understand its genetic basis,
we might suspect that Rett syndrome was attribut-
able to environmental factors inciuding immuniza-
tion. The situation for autism is still unknown, but
the onset of signs in the second year of life does not
prove (nor disprove) a role for environmental factors
in etiology.

INCREASE IN DIAGNOSIS OF AUTISM IN
PARALLEL WITH INTRODUCTION OF MERCURY-
CONTAINING VACCINES

There has ciearly been a broadening of the criteria
for autism, better case-fi.nding, increased awareness
by clinicians and by families, and an increase in
referrals of children for services as it has become
recognized that early treatment improves life for the
child and family.262% Whether the sum of these is
sufficient to account for the more frequent diagnosis
of autism is a matter of contention and is properly
settled by careful research.

1f, for the sake of discussijon, we assume there was
a true increase-in the occurrence of autism in the
1990s, is exposure to thimerosal the only or the best
hypothesis to explain the increase? There have
been mary changes in life in industrialized countries
during the last decades, including changes in many
environmental exposures and aspects of medical
care that could be considered for their biological
plausibility as contributors to autism occurrence or
severity,

MERCURY LEVELS IN AUTISTIC PERSONS

Bernard et al? state that “elevated mercury has
been detected in biological samples of autistic pa-
tients,” but unfortunately do not provide references.
Aschner and Walker™® found no paper published in
the peer-reviewed literature that reported an abnor-
mal body burden of mercury, or an excess of mer-
cury in hair, urine, or biood. The one paper that
sought a relationship between autism and mercury
levels in hair did not observe such an association.?!
We did not find evidence that chelation therapy has
led to improvement in children with autism.

NEUROPATHOLOGY
A substantial literature describes the neurotoxicity
of methyl mercury but relatively little is known
about the impact of ethyl mercury on the nervous
system, especially with repeated low-dose exposure.
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The passage of methy] mercury across the blood-
brain barrier is facilitated by an active transport
mechanism, whereas the passage of ethyl mercury
into the brain does not have such a transport system
and is further hindered by its larger molecular size
and faster decomposition.?? At equivalent doses,
higher levels of rmercury have been found in the
blood and less in brain following administration of
ethyl mercury than methyl mercury.® These find-
ings support the observation that the risk of toxicity
from ethyl mercury is overestimated by comparison
with the risk of intoxication from methyl mercury.®
Ethyl mercury exposure has been reported to be
more iikely than methyl mercury to produce lesions
of the spinal cord, skeletal muscle, and myocardium.8

The effects of mercurial compounds are influenced
by dose and duraton of exposure and by matura-
tional stage.

Studies in experimental animals exposed postna-
tally to ethyl mercury indicate patchy darmage in the
cerebellar granule cell layer, while methyl mercury
produced a diffuse abnormality.® Methyl mercury
exposure has been reported to disrupt neuronal mi-
gration primarily in the motor cortex3® and in the
cerebellar granule cell layer.?” In humans with mas-
sive exposure to mercurials resulting in death, brains
showed severe atrophy and glicsis of calcarine cor-
tex, as well as diffuse neuronal loss and gliosis of the
auditory, motor and sensory cortices, and extensive
cerebellar atrophy.3®

The most extensive pathologic studies of the brain
in mercury poisoning followed methyl mercury ex-
posure resulting from contaminated seafood in Japan
and from contaminated bread in Irag. Microscopic
findings in these brains included decreased numbers
of neurons and increased numbers of glial cells and
macrophages throughout the cortex, as well as loss of
granule cells and irregularity of the FPurkinje cell
layer in the cerebellum. In 2 Iraqi infanis exposed
prenatally to methyl mercury there was a simplified
gyral pattern, short frontal lobe, and reduction in
white matter volume, along with derangement and
. lack of definition of the cortical layers and hetero-
topic neurons in cerebrum and cerebellum.??

Thus, in both prenatally and postnatally exposed
brain, methyl mercury resulted in neuronal cell loss
and increased gliosis in the cerebral cortex, in some
adults marked atrophy of the calcarine cortex, and
atrophy of the cerebellum with consistent loss of
granule cells and relative sparing of Purkinje cells.
The weight or volume of the mercury-exposed brains
has not been presented, but the atrophy associated
with neuronal loss and in the infant cases the re-
duced white matter volume suggest that these brains
were likely to be reduced in size.

In ethyl mercury toxicity in children, nerve cell
loss was widely present but most marked in calcar-
ine cortex, and there was diffuse proliferation of glia,
demyelination of ninth and tenth cranial nerve roots,
and atrophy of the cerebellar granule cell layer with
relative sparing of Purkinje celis®

In contrast, examined at autopsy, brains of antistic
persons are commonly enlarged both by weight*0
and volume.?® Larger head circumference and en-
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largement seen on volumetric magnetic resonance
imaging studies in autism have been noted above,
There have been no reports of significant cerebral
cortical neuronal loss or calcarine atrophy in autism.
The most frequently reported findings in the autistic
forebrain have been unusually small, closely packed
neurons and increased cell packing density in por-
tions of the limbic system, consistent with curtail-
ment of deveiopment of this circuitry.4?
Age-related abnormalities have been observed in
the deep cerebellar nuclei and inferior olivary nu-
cleus of the brainstem in autism. The most consistent
finding in the neuropathology of autism is reduction
in Purkinje cells in the cerebellum, primarily in the
posterior inferior hemispheres.#-% Involvement of
granule cells has rarely been reported. In contrast,
mercury-exposed brains have shown significant and
consistent damage to the cerebellar granule cell layer
with relative preservation of Purkinje cells.
* Thus, there seem to be major differences in the
neuroanatomic findings in autism as compared with
those in mercury toxicity.

IN HUMAN POPULATIONS EXPOSED TO
MERCURY, DID AUTISM INCREASE?

In the first half of the 20th century, mercury was a
constituent . of medications administered to treat
worm infestations and teething pain. Use of these
compounds was associated with illness in young
children, affecting chiefly those 8 months old to 2
years old. These infants showed photophobia, an-
orexia, skin eruption, and bright pink color of hands
and feet, which peeled and were painful # This con-
dition, called “pink disease” or acrodynia, was rela-
tively common, and the cause of 103 deaths in En-
gland and Wales in 1947.%5 Survivors were not
described to have behavioral disorders suggestive of
autism.

In the 1950s in Minamata and in the 1960s in _
Niigata, Japan, there were epidemics of methyl mer-
cury poisoning resulting from discharge of industrial
wastes into coastal waters, with consumption of con-
taminated fish by humans. Heavy prenatal exposure
resulted in low birth weight, microcephaly, pro-
found developmental delay, cerebral palsy, deafness,
blindness, and seizures.®% Affected adults experi--
enced impairments of speech, constriction of visual
fields, ataxia, sensory disturbance, and tremor.

Was autism recognized with higher frequency in
Japanese children in the period of these toxic out-
breaks or soon after it, especially in those born in the
regions affected by the tragic poisonings? Japanese
reports in the English language do not indicate that
Japanese clinicians thought so. Comparable in earlier
periods, the rates of autism were higher as reported
in japan in the 1980s than in studies from other
countries.*”-4% This difference was attributed by
Japanese authors to broader diagnostic criteria and
excellent ascertainment.® Definitions and methods
of ascertainment were widely different in different
studies, so comparisons are difficult. A study in
Fukushima-ken3! is described here in some detail
because it provides an example of the issues faced by
studies of prevalence during this period and includes



an analysis by year of birth in an area not far distant
from Niigata. In this study, conducted in 1977, the
authors attempted to evaluate all children with au-
tism 18 years old or less who were bom in the
province in 1960 through 1977. They ascertained
cases by sending a letter and questionnaire to 2233
institutions to find children with “autistic behavior,”
not further defined. Responses were received from
72.6% of the institutions, which covered 38% to 40%
of children in the province. How responding institu-
tions differed from those not responding is not
stated. The autism prevalence estimates reported in-
cluded children in the responding institutions in the
numerator, and all children in the area in the denom-
inator. If the nonresponding institutions had affected
children in their care, and if there were changes over
the period of the study that might influence recruit-
ment of affected children at competing institutions,
such changes could markedly influence the result.
Based on their final diagnosis, there were more chil-
dren with “autistic mental retardation” than with
“early infantile autism,” but no information is pro-
vided on the basis for this distinction, nor on birth
year patterns for the former group.

The authors of the Fukushima-ken study® re-
ported higher rates of autism in children born be-
tween 1966 and 1974 than in births 1960 through 1965
or after 1975, The authors considered that the reason
for the lower rates of autism in children born before
1966 “was probably that autistic children had be-
come older, lost the unique feature[s] of young au-
tistic children and had been overlooked.” This sug-
gests that procedures for locating older subjects and
criteria for diagnosis were not appropriate for all of
the wide age span evaluated. For children born in the
last years of the study, the low rates of autism surely
entail severe undercounts as these children were 3
years old or less at the titne of ascertainment. Al-
though this study might have tested the question as
to whether autistn was more frequent near to out-
breaks of mercury poisoning, methodologic prob-
lems potentially invalidate the time trend analysis,
and the short follow-up for the most recent birth
years means that no conclusions can be drawn re-
garding children born 1974 or iater.

Studies that followed victims of high-dose acute or
chronic mercury poisoning resulting from contami-
nated foods in Irag, Pakistan, Guatemala, and Ghana
have not reported manifestations suggestive of au-
tism in survivors. In contrast, many of these survi-
vors had clinical signs such as persisting ataxia and
dysarthria that are seldom seen in autism.

An unpublished retrospective study was noted by
the Institute of Medicine’s Immunization Safety Re-
view Committee.>? As described in a Canadian Com-
municable Disease Report,®* this study examined 10
years of data from a large database derived from 7
health maintenance organizations that covered
~2.5% of the United States population. A weak but
statistically significant (relative risk ratic <2.0) asso-
ciation was found between measures of cumulative
exposures to thimerosal and the presence of speech
delay and attention-deficit/hyperactivity disorder,
but not autism. There were many limitations of this

analysis and its ability to identify bias and confound-
ing. A second unpublished screening study did not
confirm the findings of the first. Although far from
definitive, these studies represent the only direct
investigation to date of a possible association of
thimerosal exposure with autism. Neither study ob-
served such an association.

Two studies have examined neurologic and psy-
chologic function in young children associated with
lower dose but repeated dietary exposure to methyl
mercury. In the Faeroe Islands, exposure was via -
consumption of rmarine fishes and mammals
(whales). In the Faeroes, there may have been addi-
tional toxins including polychlorinated biphenyls
and perhaps others.®-> The Faeroe study of 428 to
900 chiidren at 7 years old observed an association of
mercury levels in cord blood or maternal hair with
impaired performance in tests of attention, memory
for visuospatial information, the Boston Naming
Test, fine motor function, and verbal learning 5657 In
contrast, in the Sechylies study of >700 children,
exposure was to marine fish only, and boys with
higher levels of hair mercury performed better on
some tests, including the Boston Naming Test and 2
tests of visual motor coordination.’%¢ The authors
considered their enhanced performance might be re-
lated to beneficial effects of constituents other than
mercury in fish. Myers et al> have discussed sources
of difference in the results of these studies.

The Faeroe and Seychelles studies were probably
large enough to detect a substantial but not a minor
increase in autism, if it was present. Neither study
was designed to investigate an association of mer- _
cury exposure with autism, but autism in all but its
milder forms produces fairly striking behavioral ab-
erration in young children. Were the endpoints ex-
amined appropriate for identification of children
with autism? The Faeroe study included little behav-
ioral assessment. Based on experience in lead toxicity
studies, the Seychelles study used the Child Behavior
Checklist overall rating at 66 months and 96 months.
Testing at 66 months included Checklist subscales
related to withdrawal, anxiety, and problems in so-
cial function, attention, and thought. The Child Be-
havior Checklist is not ideally sensitive for recogni-
tion of autism, but would probably identify the
majority of affected children. ¢® Myers et al,> review-
ing nearly 50 years of research on mercury exposure
and 27 years experience in human neurotoxicity of
methyl mercury, concluded, “Our research has not
identified any adverse associations between [methyl
mercury] exposure from fish consumption and ciin-
ical symptoms or signs.”

CONCLUSION

Thimerosal is being eliminated from the vaccines
used in routine infant immunization programs in the
United States and Canada. If thimerosal was an im-
portant cause of autism, the incidence of autism
might soon begin to decline. One can hope but not
expect that that will happen; time will tell.

Mercury poisoning and autism both affect the cen-
tral nervous system but the specific sites of involve-
ment in brain and the brain cell types affected are
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different in the two disorders as evidenced clinically
and by neuropathology. Mercury also injures the
peripheral nervous system and other organs that are
not affected in autism. Nonspecific symptoms such
as anxiety, depression, and irrational fears may occur
both in mercury poisoning and in children with au-
tism, but overall the clinical picture of mercurism—
from any known form, dose, duration, or age of
exposure—does not mimic that of autism. No case
history has been encountered in which the differen-
tial diagnosis of these 2 disorders was a problem.
Most important, no evidence yet brought forward
indicates that children exposed to vaccines contain-
ing mercurials, or mercurials via any other route of
exposure, have more autism than children with less
or no such exposure. .

Continuing vigilance is necessary regarding the
safety of vaccines, as is open-minded evaluation of
new evidence. However, such evidence must be of
sufficient scientific rigor to provide a responsible
basis for decisions that influence the safety of chil-
dren. When information is incomplete, as it is at
present for thimerosal-autism questions, a balancing
must be made of risks posed by vaccine constituents
and the benefits of disease prevention achieved by
keeping immunizations widely available. On the ba-
sis of current evidence, we consider it improbable
that thimerosal and autism are linked.

Karin B. Neuson, MD

Neuroepidemiology Branch

National Institute of Neurological Disorders and
Stroke

Bethesda, MD 20892-1447
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Children’s Neurology Service
Harvard Medical School
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Medical Information Systems in
- Pediatrics

he safety, effectiveness, impact, and risks of
medical information systems have received lit-
tle attention from clinical investigators in pe-

diatrics. Krishna and colleagues™ study of the impact
of a multimedia asthma education program pub-
lished in this issue of Pediatrics is an exception to this
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observation and a wonderful example of a clinical
research study on the effects of a medical informa-
tion systern.

Information systerns that collect, process, and dis-
seminate medical information are ubiquitous in our
practice of pediatric medicine. These information re-
sources serve a variety of functions, but they all have
1 thing in common: they are being used in a high-
stakes environment. Technical glitches such as pro-
gramming errors,® hardware malfunctions, commu-
nication failures, and data corruption or data loss can
endanger the well-being of our patients. Human-
machine interface errors like inappropriate use (a
program designed for adults used in pediatrics), in-
complete or inaccurate data entry, rearranged phy-
sician priorities, and the generation of false expecta-
tions and overreliance (the program will tell me
when I made a mistake) all may lead to medical
errors and subsequently to morbidity and mortality.

Despite their increasing presence, relatively little

effort has been undertaken to systematically gather
evidence on the safety and efficacy of medical infor-
mation systems used with pediatric patients. Infor-’
mation systems used in pediatrics are fundamentally
different from adult systems. They must handle
weight-based dosing, different history components
(such as development), monitor growth based on
age, and if targeted for use by a child, must be
designed to be child-friendly in language and graph-
ics.
In April 2002, the Bush Administration decided to
retain a 3-year-old rule that gives the Food and Drug
Admunistration power to demand that pharmaceuti-
cal companies conduct targeted studies to learn
about medication side effects and set proper doses
for children?® Linked to an incentive program by
Congress, this “pediatric rule” has generated evi-
dence on particular pediatric risks as well as pediat-
ric-specific metabolism.

Medical information systems are burdened with
inherent danger in conjunction with pediatric-spe-
cific risks as well as significant expenses. In the best
interest of our patients, pediatricians should Jobby
for an extension of the “pediatric rule” to informa-
tion systems in pediatric settings. I applaud Pediatrics
for providing a forum for evidence-based pediatric
medical informatics.

Curistorn U. LEMMANN, MD

Eudowood Neonatal Pulmonary Division and
Division of Health Sciences Informatics

Johns Hopkins University

Baltimore, MD 21287
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" Mercury concentrations and metabolism in infants receiving

vaccines containing thior_nefsal: a describtive study

Michae! E Pichichero, Elsa Cefnichian', Joseph Lopf'efato; John Treanor

Summary

Background Thiomersal is a preservative containing'small

amounts of ethylmercury that is used in routine vaccines for

infants and chiidren. The effect of vaccines comaining

- thiomersal on concentrations of mercury in infants’ blood has ]
".not been extensively assessed, and the metabolism of
ethylmercury in infants is unknown. We aimed to measure

concentrations of mercury in biood,” urine, and stools of
infants who received sich vaceines. - : :

Methods 40 fullkterm infants aged 6 months and younger
:were given vaccines that contained thiomersal (diptheria: )

tetanus-acellujar pertussis vaccine, hepatitis B vaccing, and
in some children Haemophilus influenzae type b vaccine). 21
control infants- received thiomersaHree ' vaccines. We

- obtained samples of blood, urine, and stools 3-28 days after

vaccination. Total mercury {organic and inorganic) in . the
samples was measured by cold vapour atomic abs_.orption.

nd 113:3 ‘g

7 &montholds all values weré lower than 7-50 nmol/L. Only
_-one of 15 blood samples from controls contained

guantifiable mercury. Concentrations of mercury were fow in
,urine after vaccination but were high in stools of thiomersal

- exposed 2-month-olds {mean 82 ng/g dry weight) and in

&-month-oids {mean. 58 ng/g dry weight). Estimated blood

 haitife of ethyimercury was 7 days (95% CI 4-10 days). .

. Interpretation  Administration of  vaccines containing
- .. thiomersal does not seem 1o raise hiood concentrations of

mercury above safe values in infants. Ethyimercury seems 1o

" be -eliminated from biood rapidly via the stools after ©

_ parenteral administration of thiomersal in vactines. -

Lancet 2002; 360; 1737-41
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Intmduc‘tioﬁ ‘

Thiomersal is a preservative used in vaccines routinely

administered 1o infants and children, Its antimicrobial
activity is due to small amounts of <thylmercury; the .
usual dose of paediatric vaccine contains 12-5-25 g of

 mercury.'? When vaccines conmining thiomersal are
-administered in the recommended doses, allergic

reactions have been rarely noted, but no other harmifu) ’
effects bave been reported.* Massive overdoses from -
inappropriate use of products containing thiomersal

- have resuhed in toxic effecrs.™ :

- Findings - Mean. mercury doses. -in infants exposed 1o ¢
‘ 456 ng lrange 37-5-62-5) for 2-moith-olds:. -
range 87-5-175-0) for 6-month-olds. Blood -
" mercury ‘in thiomersakexposed 2-montholds ranged. from

. dess than 3-75 1o 20-55 nmol/L {parts per billion); in . mercury. :

Mercury occurs in three forms: the metallic element,
inorganic  salts, and organic  compounds - (e,
methylmercury, ethylmercury, and pbenylmercury). The
toxicity of mercury is complex and dependent on the

form of mercawry, route of enty, dosage, and age ar .

exposure. Mercury is present in' the environment in
inorganic and organic forms, and everyone is exposed to

. small amounts."™"” The main route of environmenta] -,
exposure . 1o - organic mercury is consumption ‘of .’
predatory fish, especially shark and swordfish. A §-ousice
"can” of tupa contains 2-127 jg (average 17 pp) of
‘mercury.” Freshwater fish (eg, walleye, pike, muskie, :

and ‘bass) can also ‘contain , high concentrations - of

~ . Moest of rthe - toxic cﬂ'cr.:ts of orgamc ' mucury

“amounts of mercury

‘compounds tzke place in the central nervous system,

although the kidpeys and immune system can also be -

affected.’" Organic mercury readily crosses the blood-

brain barrier, and fetuses are more sensitive to mercury-
exposure than are children or adults. Data about -
potental differences in toxicity berween cthylmercury
and methylmercury are few: Both are associated with
neurotoxicity in high doses; in-utero poisoning with -

methylmercury causes problems that are similar 10 .-

cerebral palsy. Findings about the effect of jow-dose

. ~methylmercury  exposure. on neuredevelopment . in
- infants are contradictory."** In-utero exposure could be

related 10 subtie neurodevelopmental effecrs (=g, on

attenton, Janguage, and memory) that éan be detected. . .

by sophisticared neuropsychometric tests— although the -

" conclusion is confounded by concomitant ingesrion of

polychlorinated bipbenyls in the patients investigated. ™ .
No toxic effects of Jow-dose exposure to thiomersa! in
children have been reported.* The cffect of the small
contained in vaccinet on
concentrations of mercury in infants” blood has pot been .
extensively . assessed, and the metabolism . of

. ethylmercury in infants is unknown. We aimed 10 assess

concentrations of - mercury in full-term infapts after
administration of routine vaccinations according 1o the

'schedule used in the USA, and 1o obtain-additional—'.
_informatior about the presence of mercury at other body .

sites including vrine and stool. Samples of hair and
breast milk were also obtained from sornc mothers of -
infants participating in the study. :

1
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Methods
Study populations

.We studied two groups of fu[]-tcxm infants who dxﬂ':red in

their history of cxposure to vaccnes tontaiping

. thiomersal. Infants in the exposure group were recruited
at the Eimwood Pediatric Group, a larpe paediatric

practice in Rochcstcr, NY, USA, where vaccnations with
thiomersal preservatve were routinely given. 20 infams

" aged 2 months and 20 aged 6 months were smdied ar this
. practice to obmin informadon abour the range of total

thiomersal exposures likely to take place during infancy.
The control group consisted ‘of 21 infanw who did not

" . receive vaccines containing thiomersal and were recruited
" from the National Naval Medical Center, Bethesda, MD.

All the infants were recruited during routine well-child
examination and vaccination visits by the investigators:

- (berween November, 1999 and October, 2000). Written

inforrned copsent was obtamcd from par:nts for al]
pmccdures -
Vacanes N

Vaccines contammg thmm:rsa.l that were given to infants
in the exposure group included Tripedia (diphtheria-

' Tetanus-accllular pertussis’ waccine; Avents Pasteur,
. Swiftwater, PA; 0-01% thiomersal, 25 pg mercury per

dose) Enperix (hepatds B vaccine; GlaxoSmithKline,

- Rixensart, Bclg:um, 0-005% thiomersal, 125 pg mercury

per dose), and in some children HibTTTER (Haemophihus
influenzae type b conjugate vaccine, Wyeth-Lederle, Pear
River, NY, USA; 0-01% thiomersal, 25 g mercury per

" dose). Vaccmcs administered to the control group
" included Infanix (dxpthcrxa-t:ta.nus-accllular pertussis
.- vaccine;  GlaxoSmithKline, . Rchnsan, " Belgium),
" Recombivax HB (hepatits B vaccine; Merck, West Pomt, '
'PA, USA), and ActHIB. (Haemophius inflxenzae b
© | conjugate vaccine, Aventis Pasteur, Swiftwater, PA,
: USA) D -

) _Procedur&s : :
" We obtained vacanaton h:s[onsu-mdudmg typc of :

" vaccine, manufacturer, lot number, and dates of -

adminisraton—from the medical records. In  the
" exposure group,  wec obtained samples. of heparinised

. whole b]ood stool, and unnc_, du.nng a vxsxt 328 days

" after vaccination. Blood and urine were kept at 4°C, and .

stools were frozen until assessment. Urine was sampled by
use of a urine bag at the clinic, and stool was taken from a
diaper (nappy) provided by the parent. Whole bicod and
urine were obtained from the control children. At body-
sites, we obtained 2t Jeast 50 hairs from the mother by
curting at the basc near the scalp in the occipital area, 1o
assess potcntal wansplacenral exposure of infants 1o
mercury. Additonally, several samples of breastmilk or

" formula were obtained from mothers: of mfants at

Elmwood Pediatric Group, as well s stoo! samples from a .
few infants who were not exposcd to thiomersal, - .
We measured total mercury in ajl samples {and

- inorgapic mercury in ‘stool samples) by cold vapour
atomic absorption as previously described. ™" The limit of
- reliable gquantitation in this assay ranged between

7-50 pmol/L and 2-50 nmoll., dependant on sample
volume.

Population pharmacokinetic ca}cuianons

To estimate the half-life of thiomersal mercury in t.hc
blood, we developed a prediction model for the expected
concentrations of mercury in blood for hal-lives: of -
mercury ranging from 1.day to 45 days, on the basis of

‘bodyweight of - the infant, the doses of thiomersal’

administered, and the times bctwecn the individual doses
of thiomersal and when the blood was obgained. To do
these calculations, we assumed that 5% of the mercary
dose was dismibuted to blood,” that. blood volume -

represented about 8% of the infant’s bodyweight, and that .

climination of mercury from blood followed 2 smgl:—
compartment model with first-order kinetics. For each -
possible half-life berween 1 and 45 days, we then

- calculated the difference berween the predicted and actual
- recorded concentrations in blood for each infant. Only
. Ineasurcments within the range of r:hablc quantitation '

were used in these calculations.
The best estimate of the blood half- hfc of m::n:u.ry was
judged to be the hypothetical half-life, which resulted in

“the smallest difference berween predicred and observed - ‘
values. We constructed a 95% CI based on a Likelihood L

ratio for this estimare with the assumprion that errors
from the decay model were independent, additive, and -

- normally distributed. The 95% conﬁdcncc hmrrs were the

infants aged 2 months Infants aged & months .
" Thiomersal-exposed (n=20) Controls {n=11) Thiomersal-exposed (n=20) Controls (r=10)
Booyweignt (ke) _ o B .
Mean {range) ' 5-3 (4-0-6-4) " NR 8-1 {6-7-10-6) NR’
Total mercury exposure (ug)* o : - S : o
" " Mean (range) ' . a5-6 (37-5-62-5) . 111-3 (B7-5-175-0) 0
" Blood mercury (nmoi/L) : o .
" ¥ Number of sampies 1ested ’ Y4 8 16 7
" Number with mercury in range 12 v - T ] 0
Mean {SD)} ) - B20(4-85 - - 4.90 - 515120 -
Median QR ; © 6-15(4-60-10-B5) © 490 .5-30 (4-55-6-10) -
Ranget . 4.50-20-55 - 2-B5-6-90 - -
.Urinary mercury (nmol/L) . - ) . ‘
Number of samples tested - 12 - . -6 15 8
Number with mercury in :ange ) 1 R 3 o
Mean (SDY} . - 3st ' . 575 (1-05) -
.. Median {range}t o ’ 3-8t 6-2 (4-55-5-45) -
Stool mercury (ng/g dry weight) .
Number of samples tested : 12 ~ 'NT 10 NT
Number with mertury in range ’ 12 10 -
Mean {(SD} - . B1-B(40-3) - 58-3 (21-2) .
Median (IQRH - © B35 (47-0-121-3) - 58-0 (42-0-B8-5) -
" Ranget - 23-0-141-0 A, 29-0-102-0 -

NR=Not recorded. NT=not ws:eﬂ. *Via vacoination. 1-AI| ulculauons done only with samples within range of accurate quantitation. 1:'011ly one value so SD and mnze

“are not applicabhe.
) Concen‘tmtlons of mercury in blood, urine, and stool of infants who recelved vaccines contamlng thiomersal and those who did not -
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. Figure 1: Blood mercury concentrations in infants aged
< months (diamonds) .and 6 months (squares) by ti::ne of
" Filled symbots represent measured values and open symbols represent
" samples al the limit of quantitation, efther 7-5C nmol/L, 3-75 nmol./L, of
' 25mno1/L,nependem on sampie. volume. .

points ‘where t:bc curve crossed the minimum sum of
squares multiplicd by ]+x‘(l)l(n 1) where n is the
number of data points and y*(1) is the upper 5% point of
"the x"dxstribuuon on one dcgrcc of freedom.

Statistical anafys:s
Because this was a descriptive smdy we &d no formal
" calculatiops for sample size, Student’s 1 1est and Fisher's

) - exact 1est were used 10 compare results for the exposure K
~. and conuol group w:rh p<0 05 )udgcd 10 be’ sxgmﬁc:mt_

. Role of the fund‘ ing source
. The sponsers; of the stady approvcd the study design bur ~

~ had no.cther involvemnent o the in study design,. dara

collection, data analysxs, data.l mtcxprcr.anon, or wnn.ng of

: thc report.

Results - ' ’

61 infants were corolled in ﬂ:us study (:abl:) Among
- infants aged 2 months in the -exposure group, samples

were taken from eight within 7 days of vaccination, from
. five berween 8 and 14 days after vaccinadon, and from
scven berween 15 and 21 days after vaccination. Among
6-month-old infants in the exposure group, samp]s were
taken from seven berween 4 and 7 days afier vaccination,
from eight between 8 and 14 days afier vaccmanon,' and
from five between 15 and 27, days after vaccination.
Samples were obtained from infants in the control group

at regularly scheduled visits at 2 or 6 months of age. Al

*. children remained healthy throughout thc study and
during 24-36 menths of follow-up,
‘Sufficient volumes of blood (=1 mL) for the measure-
" ment of mercury by the atomic absorption technique
- were obtained from 17 infants aged 2 months and
‘16 aged 6 months in the exposure group. Mercury
. concentrations - were below the range of reliable
- Quaptation in five of 17 bleod samples from 2-month-

- olds, and seven of 16 blood samples from 6-month olds -

(p 0-48). The mean concentration of bicod mercury

. in samples with quannﬁabl: mercury was higher
. i Z2-month-olds than in S-month - olds _(difference
" 13-05 nmoll, 95% CI 0-03-1-24, p=0-06); but was

low in both these groups - (table). Sufficient blood
volumes for measurement of mercury were obtained
from 15 infants in the conrrol group, including eight

" hgure
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Mothers of infants - - Mothers of
" given vaccines - control infants

comtaining thimerosal

F'lgure 2: Mercury concenhmions in hair from mnﬂvers of .

infants .
Bar represents mean concentranon oi metcuty in matemal halr .

agcd 2 months and séven agcd 6 months Blood mcrcmy -

was. below the level of reliable Quanrimation in seven of

the cight samples from the 2-month-olds apd in all seven
samples from 6-month-olds.: The only dctccmblc valu: .
: ‘from the ‘control group was 4 65 omol/l. -

Overall, mercury concentrations were below thc rangc '

of quantration in 12 of 33 samples from thiomersal-
‘exposed infants and in 14 of 15 unexposed infants

* - (p=0-04). The highest level of blood mercury detected in

any infant in this stady was 20-55 nmol/L, which was
measured 5 days after vaccination in a 2-month-old
infant. weighing 5-3 kg, who had received- ‘vaccines

" (Tmpedia and Engerix B) containing a total dose of -

37-5 rg mercury. The reladon between time between
‘vaccination and samphng apd’ the conceptradon of
m:rcu.ry in the blood in the c.xposcd group is shown in
" Although mercury ' concentradons were
umform]y Jow; the highest levels were rccordcd soon

_after Vacc:lnancn

Mercury was und:tcctablc in most- of the wurine

samples from the iofaots in this stedy. Only one of.
12 urine samples from Z-month-olds, and three of
15 from 6-month-olds in the exposure group, and none’
. of the 14 samples from  the controls, contained .
detectable mercury. The highest concentration of . -
- urinary mercury detected was 6-45 nmoIf.L, ina 6—monrh

old infant in the exposure group {rable). -
Stool samplcs were collected from infapts in the
exposure group. All of the stool samples from xnfants

who received rthiomersal-containing vaccines had -
. detecizble mercury, with concentrations in stools from

2-month-old .infants slightly higher than those in

6-month-olds (p=0-098, rable). As expected, most of the .

mercury in stools was inorganic. Stool samples were not

‘obtambd from comrol mfams, tbcrcfor:, fo dctcrmmc

. 'E-‘HE LANCET - Vol 360 - Novcm'bc:r 30, 2002 - wanw.thelancet.com
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Flgure 3 Estlmated blood half-life of mercury in infants who

were exposed to thiomersal

Lines represent sum of square of diflerences between observed .
conuermatnms of biood mercury (nmol/L) and those predicied for e-very
individual infant on the basis of bodyweight end time of sampling, with 2
series of hypothetical haliHives shown on x axis. Arow shows point with

. lowest value for squared difierence, mdtcatmg best esnmate for serum .

haltdife.

" whether d:ctary mtakc could contribute to rJ:u: mMercury . -

content of stools, we also obtained sampics from
nine infants at Elmwood Pediatmic Group who were

age-matched with the infants ip the exposure group -

and were not exposed to vaccines containing thiomersal.

The mean mercury concentration in the stools of -

these infants was 22 ngfg. dry weight (SD 16), ‘which

- was significantly lower (p=0-002) than the mean- of :
- * the samples collected from Thlomcrsal-cxposcd infants. -
Amounts of mercury measured i maternal ha:r are -

shown in figare 2. The mean conccntranon of hair

mercury in mothers. of the €Xposurc  group ' was -

.0-45 pg/g hair, whereas the mean amount in mothers of

the control infants was 0-32 wgg (p=0-22). Eight mothers _

- of infants in the 6-month-old cohort provided breast milk
. samples. Concentrations of mercury in these samples were
. low (mean=0-30 pg/g, range 0-24—0-42 pp/g). :

. We ‘estimnated the half-life of mercury in blood afn:r '

. vaccipation to be 7 days, since this result gave the
- smallest difference between 'the expected .and recorded

-.,(mcasurcd) concentration (fgure 3). The 95% CI

around this csuimate was 4-10 days.” The balf-life.
estimate was very sinilar when -only measurements in
2-month-olds (7 days, 95% CI 4-11) or 6-month-olds
(5 days, 3-9) were included, suggesting that the rate of

elimination of thiomersal mercury from blood was ©,
sxmﬂarm both agc-—groups - ,

Dlscussmn _ '

We have shown thatr very iow concentrations of b]ood :

mercury can be detected in infants -aged 26 months
who have been given vaccines containing thiomersal.

However, no children. had a concentuation of blood.

‘exposure. Assessment of these samples suggested that

" the blood half-life of ethylmercury in infants might differ -

. from the 40~50 day half-life of methylmercury (range

20-70 days) in adults and breasdeeding infants, '
The concentratons of blood mercury 2-3 weeks after -
vaccinagon noted in our smady were not consistent

. with such 2 long half-life, but suggested a half-life of less

.6-day or 40-day half-life, but are othcrwise consistent -

" than 10 days. However, this conclusion is based on

several assumpﬁons and a very simple model, and does

not take into account tbe fact that ar least some of .

the mercury detected in the blood of the infants in this

- study is likely to have been derived from exposures other

than vaccination. Because of the short period between
vaccination and sampling, the findings of Strajich
and colleagues®™ could be consistent with either a:

“with the assumpbons made in our modecl. Because -

we expected 2z 45-day half-life on the basis of
methylmercury pharmacokinencs, the first blood

- samples were obtained 3 days after vaccinadon. Blood

samples taken in the first 72 hours after vaccinaton,

“stool samples obtained every 24 h, and sampl:s from .

premature newborn babies (weighing 2000 g) given a

 birth dose of hepatitis B vaccine would have helped us to .

reach stronger conclusions.Thus, additienal studies of
the pharmacology of thiomersal in infants are underway.
Ar the umes tested after - vaccination, mercury.
excretion in urine in our study population was low. By
contrast, concepratdons of mercury in stool were high,

.and combined with the finding thar stool mercury
concentrations in infants who were not exposed 1o

thiomersal were significantly lower is consistent with -

‘the bypothesis that the gastrointestnal tract represents
.2 possible mode of ehmmauon of thmmcrsa] mercury .
‘in infants. -

Overall, the results of this study show that amounts'
of mercury in the biood of infants receiving vaccines
formulated - with thiomersal . are
concenrations potentally associated with roxic effects. -
Coupled with 60 years of experience with administration
of thiomersal-containing vacdnes, we conclude that the
thiomersal in rouripe vaccines poses very little risk to -
full-termn  infants, but that thiomersal-conaining =
vaccines should not be administered at birth to very low
birthweight premarure infants. Decisions: about the’
elimination of thiomersal from .these vaccines must
balance the potental benefit of reduced _eXposure 10

-mercury against the risks of decreased vaccine coverage

because of higher costs, the risk of sepsis in -recipients .
because of bactenal contamination of preservative-free
formulations, and the risks of exposure o alternarve

. preservatives that might replace thiomersal. |
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mercury exceeding 29 nmoll. (parts per billion),.~ .

which is the concentration thought to.be safe in cord
‘blood;" this value was ser ar 1en tmes below the lower

. 95% CI limit of the minimal cord blood concentration
associated with . an increase in the prevalence. of °

abnormal scores on cogn.itiv: fupetion tests.in children.

- Blood mr:rcury conc:ntranons zndxcau: conc:ntrauons in

Organs we!
A]though our study was Dot dcmg:ucd as a formal
. assessment of the pbarmacokinetics of mercury, we did

obtain samples of blood ar vanous time points after -
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- bad an extensive haemorrhagic and cyapotic rash. He
* developed severe septic shock, multtple organ failure, and

died 6 b later. Nefsseria meringinidis serogroup B Erew in one
blood culrure. Electron-microscopy of his plasma showed

- meningococci . releasing. many outer membrane vesicles
(“blebs”) known 1o harbour endotoxn (bipopolysaccha- -

fide). The endotoxin Jevel in his plasma was 1700 endotoxin

© units/ml, which is equal to the activity of 170 ng/ml of =~
 purified Ipopolysaccharide from Escherichia coli. Release of
““blebs™ (Bgure; magnified X65 000, arrows) from rapidly
. gTowing meningococd is thought to contribute to the very
* high Jevels of endotoxin in plasma which characterise fatal .
- meningococcal septicaemia. i .
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STATEMENT FROM THE COMMITTEE ON SAFETY OF MEDICINES

FURTHER DATA SUPPORT SAFETY OF THIOMERSAL IN VACCINES

On 12 February 2003, the Committee on Safety of Medicines (CSM) considered
further evidence which supports the safety of thiomersal (which contains
ethylmercury) in vaccines.

Two independently-conducted UK epidemiological studies that investigated the safety
of thiomersal-containing vaccines for infants have been recently completed. These
studies showed no evidence of adverse developmenta] effects from exposure to levels
of thiomersal at the amounts used in existing UK vaccines. A further study in infants
has shown that ethylmercury is rapidly excreted from the body following
administration of thiomersal-containing vaccines.

The CSM Chairman, Professor Alasdair Breckenridge, said ‘These new studies
reinforce CSM advice from 2001 that there is no evidence of neurological adverse
effects caused by thiomersal in vaccines according to the routine UK immunisation
schedule. The balance of benefits and risks of thiomersal-containing vaccines
therefore remains overwhelmingly positive’.

Key points

» The only vaccines used in the UK routine immunisation programme that contain
thiomersal are the diphtheria, tetanus and wholecell pertussis (DTwP) and
diphtheria and tetanus vaccines. Thiomersal is also present in some influenza and
hepatitis B vaccines. There is no- thiomersal in MMR, Hib, oral polio, meningitis
C or BCQ vaccine

* No harmful effects are known to be associated with thiomersal at amounts used in
vaccines, except for minor allergic reactions such as redness and swelling at the
injection site

* Two new UK epidemiological studies, involving more than 100,000 children,
further support the CSM . position. Another new study has shown that
ethylmercury from vaccines does not build up in the body and is rapidly excreted.

» The World Health Organisation has also recently concluded that there is no
evidence of toxicity in infants, children or adults exposed to thiomersal in
vaccines

» There is a worldwide goal to reduce environmental mercury exposure from
avoidable sources in general. Use of thiomersal in vaccines has not been banned
but US and European regulators recommended in 1999 that reducing the use of
thiomersal in vaccines will contribute to this goal. CSM endorsed this
recommendation in 1999 and continues to do so. Several UK licensed vaccines
have had thiomersal removed or levels of thiomersal reduced since 1999,

Pb/thiomersal/csm/21/02/03



What is thiomersal and why is it used in vaccines?

Thiomersal is an ethylmercury-containing compound that has played an important
role either as a preservative or in the initia] stages of the manufacture of some
vaccines for over 60 years.

What have the concerns been about?

The mercury content of thiomersal has led to concerns that it may affect brain
development when given in vaccines. However, no harm to brain development has
been demonstrated as a result of the very small amounts of thiomersal present in some
vaccines.

What is the view of the Committee on Safety of Medicines (CSM)?

The CSM has kept the issue of thiomersal in vaccines under review, In September
2001, the CSM reviewed the available data relating to the safety of thiomersal in
vaccines and advised that there is no evidence of neurological adverse effects caused
by levels of thiomersal in vaccines. The only evidence of harm due to thiomersal was
a small risk of hypersensitivity reactions (that typically include skin rashes or local
swelling at the site of injection). The CSM concluded that the balance of risks and
benefits of thiomersal-containing vaccines remains overwhelmingly positive.

What is the latest evidence considered by CSM?

The two new epidemiological studies specifically set out to assess the safety of
thiomersal in vaccines used according to the UK childhood immunisation schedule,
One study, funded jointly by the World Health Organisation and the Public Health
Laboratory Service, was conducted using the UK’s General Practice Research
Database (GPRD) which holds data on health care for 3 million patients (~5% of the
UK population). The second study was funded by the Department of Health and used
the Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC).

These studies investigated whether there is any link between early thiomersal
exposure through immunisation and developmental and behavioural disorders,
including autism, in more than 100,000 children in total. Both studies produced very
reassuring results in that neither supports an association between thiomersal exposure
through the UK immunisation programme and neurodevelopmental disorders in
children.

A further study, published in The Lancet in November 2002, looked at how a small

child’s body breaks down ethylmercury from vaccines. This study found that
ethylmercury from vaccines does not build up in the body and is rapidly excreted.

Pb/thiomersal/csm/21/02/03



‘What does the new evidence tell us?

On 12 February 2003, the CSM carefully reviewed these 3 studies and considered that
they provide very reassuring evidence on the safety of the thiomersal in vaccines and
further support its advice of 2001.

What is the view of the World Health Organisation (WHQ)?

The World Health Organisation’s Global Advisory Committee on Vaccine Safety
(GACVS) has also kept this issue under review and concluded in November 2002 that
there is no evidence of toxicity in infants, children or adults exposed to thiomersal in
vaccines.

What is the position in the Unites States of America and Europe with regard to
use of thiomersal in vaccines?

Use of thiomersal in vaccines has not been banned in USA and Europe and there is
strong evidence to show that thiomersal in vaccines does not cause neurological
adverse effects. Despite this, as part of a global goal to reduce exposure to mercury
from avoidable sources in general, European and American regulators recommended
in 1999 that vaccine manufacturers phase out use of thiomersal wherever possible.
CSM endorsed this recommendation in 1999 and continues to do so.

What is being done in the UK to remove thiomersal from vaccines?

Several UK licensed vaccines have had thiomersal removed or levels of thiomersal
reduced since 1999. Manufacturers are actively developing research programmes to
eliminate, substitute or reduce thiomersal in vaccines in accordance with the European
recommendations. This may take time because manufacturers are required to ensure
that the replacement or elimination of thiomersal does not affect the safety or efficacy
of the final vaccine and there is no set timeframe to phase out the use of thiomersal in
vaccines. While these changes are underway, the current view is that there is no
reason to change current immunisation practices with thiomersal-containing vaccines.

Pb/thiomersal/csm/21/02/03
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Autism and Thimerosal—Containing Vaccines
Lack of Consistent Evidence for an Association
Paul Stehr-Green, DrPH, MPH, Peet Tu_I],- Michael Stellfeld, MD, Preben-Bo Mortenson, DrMedSQ,

Diane Simpson, MD, PhD

Background: In 1999, concerns were raised that vaccines containing the preservative Thimerosal™
might increase the risk of autism and/or other neurodevelopmental disorders,

Methods:

Between the mid-1980s through the late-1990s, we compared the prevalence/incidence of

autism in California, Sweden, and Denmark with average exposures to Thimerosal-
containing vaceines. Graphic ecologic analyses were used 1o examine population-based
data from the United States (national immunization coverage surveys and counts of
children diagnosed with autism-like disorders seeking special education services in
California}; Sweden (national inpatient data on autism cases, national vaccination coverage

Results: In all three countries, the incidence and

in the 1985-1989 period, and the rate of increase accelerated in the early 1990s. However,

Conclusions: The body of exisﬁng data, including the ecologic data presented herein, is not consistent

Introduction

n June of 1999, concerns were raised that children
Ivaccinated with products containing the preserva-

tive Thimerosa)™ could reccive doses of organic
mercury (specifically, the thiosalicylate salt of ethylmer-
cury) that exceeded existing guidelines for intake of
methylmercury.! These concerns were based on extrap-
olations from the known effects of prenatal methylmer-
cury exposure.? Because there are imited data on the
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toxicology and pharmacokinetics of Thimerosal and
ethylmercury, for the purpose of these extrapolations it
was assumed that many features of the toxicity of
cthylmercury were Qualitatively similar 1o those of
mff:thyhm:rcury.r

It was subsequently suggested that the apparent
increase in the incidence of autism in the United States
in the 1990s occurred at about the same time that
Haemophilus tnfluenzae b (Hib) and hepatidgs B (hep B)
vaccines were first universal]y recommended (i.e., in
1990 and 199], respectively), thereby increasing the
average cumulative exposure to Thimerosal from vac-
cines administered 1o infants. Prior to that dme, the
only sources of Thimerosal from vaccines on the ree-
ommended childhood immunization schedule were
diph[hcria—tetanu.s-—pertussis (DTP) (later replaced by
diphtheria~tetanus-acelluiar pertussis [DTaP]) and
diphtheria~tetanus {DT) vaccines. Although the maxi-
mum theoretical dose of Thimerosal from vaccines
varied depending on the brand ang combination vac-
cines used, most children in the United States who
received the four universally recommended doses of

0749—3797/03/$—sce front mauer 101
doi:lO.]0]6/80749-3797(03)001]32



)
7 200 E
- [
@

o B
g California's reported o
w© rates of autism [] °Q
a5 15 4 by year of birth ’_ é

55 [ 150
o< o
o i
93 2
- 03 a

-

© o X
w 10 - | o

N m - 100
T L e
| - - -
2 2
S - 2
QO 5 Cumulative mercury* E
T exposures through -~ - 50 g
childhood vaccines in S
18-35 month olds o
surveyed ;

0 T Li T T ¥ T 13 L] L) L) 0

Year of birth 1985 1986 1987 1988 1989 1980 1991 1992 1993 1994 1995 1096
Year of survey 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1897 1998

Figure 1. Graphical ccologic analysis presented by Blaxill® to the Institute of Medicine on July 16, 2001, comparing the estimated
average cumulative dose of Mercury exposure in the United States from vaccines, and the estimated prevalence (per 10,000
population) of children diagnosed with autismdike disorders seeking special education services for autistm in California from
1987 to 1998, by birth-year cohort. :

“Includes DPT, Haemophilus influenza B, and hepatitis B exposures weighted by survey year compliance,

DTaP/DTP/DT, four doses of Hib, and three doses of (1) “Autism, full syndrome” (no ICD-9 code speci-
hep B in 1999 would have received a 237.5 Bg cumu- fied); (2) “Autism, residual state” {(no ICD-9 code .

lative dose of ethylmercury by age 2 years, specified); or ($) “Autism suspected, not diagnosed”
In July 2001, the Institute of Medicine (IOM) Immu- (4 1cpog code specified).® The graphical presen-
nization Safety Review Committee held a public meet- tation of these data (Figure 1) showed that the

ing to review data and testimony r egarding the alleged  yumber of children in California coded as having
association of neur odevelopmt?nFaI eﬁ”ec§ (mcludm_g autism-like disorders seeking special education ser
autism) and '.I'lgimerosal-contammg vaccnes. At this o per 10,000 population remained reasonably
meetng, B]ax‘lll presented an cco]og?(: analysis com- constant through the mid-1980s, began to rise
paning the esqm?ted Sverage cumulative dose of mer- slightly in 1988, and then began to rise more dramat-
Cury exposure (i.e., the average ethylmercury dose, ically in 1990
calculated by multiplying the amount of Thimerosa] ir Yo o |
th . . . . As with most ecologic analyses, these data had several
€ various vaccines by the vaccne-speaific coverage limitations. Nonetheles beca f the high level of
rate for U.S. children aged 19 1o 35 months, by birth bii (?n ) ne de;s’ hec us-euo ‘e igh leve ?
year cohort) to the estimated prevalence of autism in public .mter_est an € po.tenua y 1mp ortant publfc
children in California per 10,000 population, by birth health implications, collection of additional ecologic

year. The prevalence of autism was defined as occur-  data to further exa.rnin‘e this_ alleged association was
rence of persons with autism or other pervasive devel- Pffform?d- In conducting this Investigation, we con-
opmental disorders (PDD), based on an individualized suhed with public health offictals and researchers in
client development evaluation performed at intake into Sweden and Denmark; both countries have historicaily
the California Department of Developmental Services maintained highquality records on vaccine compo-
. regional and developmental center system  during nents, recommended vaccination schedules, popula-

1987-1998 and coded as International Classification of tion vaccination coverage rates, and the occurrence of
Diseases (ICD)-9 codes 299.1, 299 80, or 299.88% or autism-like disordcrs.

102 American Journal of Preventive Medicine, Volume 25, Number 2



Methods

An Sweden, data were collecied at the national level On cases
of autism (defined as “infantile autism, including atypical
autism” [ICD-9 codes 299.x for 1987-1997 and ICD-10 codes
F84.x for 1997-1999]) diagnosed in inpatient settings among
2 to 10 year olds during from 1987 to 1999, Data collection
also included vaccination coverage levels dating back to 1980
as well as administrative information from the Swedish Insti-
tute for Infectious Disease Control for the time period(s) of
use and vaccinespecific amounts of Thimerosal for all vac-
cines used in Sweden.

For each birth-year cohon, the average cumulative dose of
ethylmercury from vaccines was estimated by multiplying the
amount of ethylmercury in Thimerosal-containing vaccines
used in Sweden by the vaccinespecific coverage rate for
Swedish children aged <2 years. The incidence rate of autism
was calculated by dividing the number of cases of autism
diagnosed among 2- to 10-year-old inpatients during 1987-
1999 by the total number of person-years accumulated during
that time périod for each annual cohort of children born
between 1980 and 1996 (maltiplied by 100,000 person-years).
Using these data, the ecologic asscciation of the birth-ycar,
cobort-specific administration of Thimerosal-comaining vac-
cines, and the incidence of autism requiring hospitalization
among children born in Sweden from 1980 (o 1996 was
examined.

In Denmark, we examined data on incident cases of autism
diagnosed in both inpatient and outpatient scttings. The data
were from a national registry of children with neurological
disorders and compiled by researchers at the Danish Nationa}
Centre for Register-Based Research. This registry inclided
children who had been admitted to a psychiatric hospital or
received outpatient care prior to 1994 with a diagnosis of
“psychosis proto-infantilis” (ICD-8 code 299.00); “psychosis
infantilis posterior” (ICD-8 code 299.01); or, from 1994
onward, “infantile autism” (ICD-10 code F84.0) or “atypical
autism” (ICD-10 code F84.1). Data were also collected at the
national level on vaccination coverage levels dating back 1o
1981, in addition to administrative information from the
Danish Statens Serum Institut for (he time period(s) of use
and vaccine-specific amounts of Thimerosal for all vaccines
used in Denmark.

The average cumulative dose of ethylmercury from vac-

" cines for each birth-year cohort was estimated by multiplying
the amount of ethylmercury in Thimcrosal—conraining vac-
¢ines used in Denmark by the vaccinespecific coverage rate
for Danish children aged <10 months. The number of autism
cases diagnosed among 2 1o 10 year olds was totaled for each
year between 1988 and 2000, Using thesc data, the ccologic
association of the birth-year cohort-specific administration of
Thimcrosal-contajning vaccines and the annual number of
cases of autism diagnosed between 1983 and 2000 among
children aged 2 to 10 years in Denmark was examined.

Results

As shown in Figure 2, the incidence of autism diag-
nosed among Swedish inpatients aged 2 to 10 years old
began to increase in the mid to late 1980s, rising from
arate of 5 10 6 inpatient-diagnosed cases per 100,000

person-years before 1985 to a peak rate of 9.2/ 100,000
in 1993. This was generally similar to the above-de-
scribed trend in California during the same time pe-
riod. Vaccination coverage has remained high in Swe-
den (i.e., almost always >95% for all age-specific
antigens) since 1980, but the use of Thimerosal in
vaccines in Sweden decreased and eventually disap-
peared by 1993. In fact, few vaccines containing
Thimerosal were ever used throughout the history of
childhood vaccination programs in Sweden. The major
exception was the use of Thimerosa]—containing DTP
(used untl 1979) and DT vaccines (used until 1992),
both of which contained Thimerosal al a concentration
of 0.01% (i.e, identical to the amount of Thimerosal

" contained in DTP and DT vaccines used in the United

States). A very small number of children also received
Thimerosa]—containing single-antigen Hib  vaccine
and/or acellular pertussis vaccines used in a clinical
trial prior to 1992, However, since 1992, Thimerosal
has not been used in vaccines administered as part of
the routine childhood vaccination program in Sweden,
except for the very small number of children born to
high-risk mothers (<1% of the annual birth cohort)
who may have received Thimerosa]-containing hep B.
Thus, most children in Sweden who received the three
recommended doses of Thimcrosa]-conmining
DTP/DT prior to 1992 would have received a 75-pg
cumulative dose of ethylmercury by age 2 years.

As shown in Figure 3, the experience in Denmark was
similar to that in Sweden, where the annual number of
autism cases rose from <10 cases among 2 to 10 year
olds before 1990 1o a peak of 181 cases in 1999, This
increase, which began around 1990, affected all age
groups aged >2 years and resulted in an estimated
prevalence of 8.1 cases per 10,000 persons at the end of
2000.° As in Sweden, vaccination coverage in Denmark
has remained high (i.e., almost always =90% for all
age-specific antigens) since 1980, ‘In Denmark,
throughout the period between 1970 and 1989,
Thimerosal was used only in whole-cell pertussis (wP)-
containing vaccines at a concentration of 0.01% (i.e.,
identical to the amount of Thimerosal in DT and
Pertussiscontaining vaccines in the United States and
Sweden). Therefore, children in Denmark who re-
ceived the three recommended doses of Thimerosal-
containing wP between 1970 and 1991 would have
received a 125-ug cumulative dose of ethylmercury by
age 10 months. In April 1992, the last batch of Thimer-
osal-containing wP vaccine was produced in Denmark,
and its use was eliminated entirely by the end of 1999,
Consequently, the proportion of children who received
a 125-pg cumulative dose of ethylmercury by age 10
months decreased dramatically between 1991 and 1993,
Thus, the apparent rise in diagnosed autism cases in
Denmark, as in Sweden, occurred during a time of
decreasing use (and eventua] elimination) of Thimer-
osal-containing vaccines.

Am } Prev Med 2003;25(2) 103



= Birth cohort members’ average ethylmercury dose (meg) from vaceines by 2 years of age

~—#— Annual incidence rate (per 100,000 person-years) of inpatient autism among 2 to 10 year olds
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Figure 2. Graphical ecologic analysis comparing average cumulative ethylmercury dose received from vaccines and the incidence

rate (per 100,000 person-years) of autism cases in children aged 2101
in Sweden, by birth-year cohort from 1980 t0 1996. (Data not available

Discussion

At first glance, since the increasing vaccination cover-
age levels in the United States in the early 1990s likely
reflect an Increasing average €xposure to Thimerosal
from those vaccines, the results of the ecologic analysis
presented to the 10M in July 2001, which showed
proximate increases in autism incidence in California,
could be argued 10 be generally consistent 'with ‘the
existence of an etiologic association. On closer examj-
nation, however, the upward trend in the prevalence of
autism in California (ané elsewhere in the United
States) appears to have started, albeit at a more mod-
erate rate, in the late 1980s—before the increase in
.vaccination i:overage rates and/or the introduction of
additional Thimerosa]—containing vaccines (i.e.,, Hib
and hep B) in the carly 1990s. Similarly, the rate of
autism in Sweden also appears to have began to in-
Crease in the mid to late 1980s and, in fact, may have
started much earlier. Population-based data represen-
tative of the city of Gothenburg (Sweden’s second-
largest city) show an earlier increase in the prevalence
of autism and autism-like conditions (excluding As
perger syndrome) from 4.0/10,000 children in 1980, to
7.5/10,000 in 1984, to 11.6/10,000 in 1988.7-°

184  American Journal of Preventive Medicine,

0 years diagnosed during 1987-1999 in inpatient settings

for year 1981.)

Although the data from California are the most
-complete data currently available in the United States,
the case definition used by the California Department
of Developmental Services {described above) is some-
what vague and, therefore, difficult to verify and/or
replicate. Furthermore, these data are likely subject to

- potential biases. For instance, at least some of the
- increase of reported cases of autism in California may
have been stimulated by the growing availability of
special education services for affected children during
this ime period. And even though the data systems in
Sweden and Denmark achieve a remarkable leve] of
validity- and accuracy, similar confounding influences
or biases may be present. For instance, several external
events in Denmark, summarized below, may have spu-
riously increased the apparent number of autism cases.

* Prior 10 1992, the data in the national register did not
include cases diagnosed in one large clinic in Copen-
hagen (which accounts for approximately 20% of
cases occurring nationwide).

* Prior 10 1995, the autism Cases reported to the
national register reflected only cases diagnosed in
inpatient settings.
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Figure 3. Graphical ecologic analysis comparing the average cumulative ethylmercury dose received from vaccines by birth-year
8, a

cohort from 1981 to 199
Denmark from 1983 1o 2000,

* In 1993, when Denmark switched from coding health
outcomes using ICD-8 codes to ICD-10 codes, nation-
wide training seminars for clinicians on the new
coding scheme may have stimulated reporting of
autism cases (as well as other health outcomes).

Similar]y, the data examined from Sweden reflected
only cases diagnosed in inpatient settings, for which the
data are readily available. Thus, changes over time jn
the rates of diagnosis of autism-like disorders in inpa-
tient versus outpatient settings may have affected the
ascertainment of cases, and differences in the distribu-
tion of the setting in which diagnoses have occurred
may have affected the comparability of these resuits
over time and among these three countries. '

The apparent increase in diagnosed cases of autism
may also be due, at least in part, to changes that have
occurred over time in diagnostic criteria and increasing
professional and public awareness of autism and Te-
lated disorders. In fact, the diagnostic criteria for
Asperger syndrome, Rett syndrome, and childhood

nd the annual number of incident cases of autism in children aged 2 to 10 years diagnosed in

disintegrative disorder were introduced for the first
time in 1994 as subcategories of PDD.* Of note, these
subcategories of PDD accounted for the largest in-
creases in the reported California cases reflected in the
data used in the ecologic analysis presented to the IOM.

Finally, at least some of the apparent discrepancy
between the California findings and those in Sweden
and Denmark are likely the result of the well-known
shortcomings of ecologic data rather than a reflection
of actual differences in the etologic process of autism
in these respective countries, Ecologic analyses, such as
those presented herein, represent empirical investiga-
tions involving groups (as opposed to individual per-
sons) as the unit of analysis. Such studies can be ysefu]
in exploring possible associations, as well as in search.
ing for areas of possible further study, and are relatively
easy to do since group-level data are often more readily
available. However, the greatest difficulty in interpret-
ing ecologic studies is that of adequately controlling
confounding factors due to unavailability of data
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and/or methodologic limitations.”® Given the ecologic
nature of the analyses presented herein and the lack of
available detajled data, we were unable to investigate
other aspects of this alleged association (e.g., the
specific timing of exposure and/or the onset of autism,
the existence/nature of a lag time between exposure
and disease onset, or the role of genetic predisposition
or other co-factors) or the potential influence of con-
founding factors.

Nonetheless, even though the observed rise in autism
cases in both Sweden and Denmark during a time of
decreasing use (and eventual elimination) of Thimer-
osal-containing vaccines in the early 1990s was based on
ecologic evidence (and js, therefore, subject to the
aforementioned limitations), these results provide com-
pelling evidence in sharp contrast to the alleged asso-
ciation observed in California, during the same time
period, which was based on similar ecologic data. More
robust studies are currently being planned at the
Centers for Disease Control and Prevention and else-
where to examine the possible association of Thimero-
sal-containing vaccines and neurodevelopmental prob-
lems (ncluding autism) - that will be designed to
eliminate (or at least mitigate) these limitations (W.C.
Thompson, National Immunization Program, Centers
for Disease Contro) and Prevention, personal commu-
nication, 2002).

Conclusion

After considering all the existing evidence, in Septem-
ber 2001 the IOM concluded that “the evidence is
inadequate 1o accept or reject a causal relationship
between exposure to Thimerosal from vaccinesand . .,
autism .. . . [However,]. . .the hypothesis is biologically
plausible.”!! The authors of the IOM study found no
consistent ecologic evidence linking the administration
of Thimerosa.l-containing vaccines with an increasing
incidence/preva]ence of autism cases,. Therefore, it is
reasonable to conclude that the body of existing data,
including the ecologic data presented herein, are not
consistent with the hypothesis that increased £xposure
to Thimerosal—containing vaccines are responsible for
the apparent increases in the rates of autism in young
children being observed worldwide. Rather, it seems

more plausible that other factors are affecting these
changes, such as those mentioned above: an increased
recognition of the disorder in the most and least
developmentally delayed children (ie., compared to
children with IQs in the 50 to 70 range) and/or
possibly other as-yet-unidentified environmental or ge-
netic factors. '
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investigation and the Preparation of this report was provided
by the National Immunization Program, Centers for Discase
Control and Prevention. We are grateful to Victoria Romanus
of the Swedish Institute for Infectious Disease Control, Ingrid
Trolin of the Swedish Medical Products Agency, Anne-Marie
Plesner and Peter Andersen of the Danish Statens Serum
Institut, and Roger Bernier and Susan Chu of the Centers for
Disease Control and Prevention for their contributions in the
design and conduct of this investigation, and in the prepara-
ton and review of this manuscript
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Safety of Thimerosal-Containing Vaccines: A Two-Phased Study of
Computerized Health Maintenance Organization Databases
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ABSTRACT. Objective. To assess the possible toxicity
of thimerosal-containing vaccines (TCVs) among infants,

Methods. A 2-phased retrospective cohort study was
conducted using computerized health maintenance orga-
nization (HMO) databases. Phase I screened for assoca.
tions between neurodevelopmental disorders and thimero-
sal exposure among 124 170 infants who were born during
1992 to 1999 at 2 HMOs (A and B). In phase II, the most
common disorders associated with exposure in phase ]
were reevaluated among 16 717 children who were bomn
during 1991 to 1997 in another HMO (C). Relative risks
for neurodevelopmental disorders were calculated per
increase of 12.5 pg of estimated cumulative mercury ex-
posure from TCVs in the first, third, and seventh months
of life.

Results. Inphaselat HMO A, cumulative exposure at
3 months resulted in a significant positive association
with tics (relative risk [RR): 1.89; 95% confidence interval
{CI): 1.05-3.38). At HMO B, increased risks of language
delay were found for cumulative exposure at 3 months
(RR: 1.13; 95% CI: 1.01-1.27} and 7 months (RR: 1.07; 95%
Cl: 1.01-1.13). In phase II at HMO C, no significant as-
sociations were found. In no analyses were significant
increased risks found for autism or attention-deficit dis-
order.

Conclusions. No consistent significant associations

- were found between TCVs and neurodevelopmental out- -

comes. Conflicting results were found at different HMOs
for certain outcomes. For resolving the conflicting find-
ings, studies with uniform neurodevelopmental assess-
ments of children with a range of cumulative thimerosal
‘exposures are needed. Pedigfrics 2003;112:1039-1048; co-
hort study, computerized medical record systems, lan-
guage development disorders, speech disorders, thimero-
sal, vaccines. ’
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administered vaccines in the United States con-
tained thimerosal, an organic compound that is
49% mercury (Hg) by weight and is metabolized to
ethylmercury and thiosalicylate. To meet Food and
Drug Administration guidelines, thimerosal was
added to vaccines to prevent bacterial and fungal
contamination of multidose vaccine vials {except live
viral vaccines).! Another organic Hg compound,
methylmercury, has been found in studies of fish and
grain ingestion to affect human neurologic and renal
systems.>-4 These studies, along with studies of pre-
natal Hg exposure, have been used by regulatory
agencies to develop guidelines on exposure limits for
methylmercury, the most stringent of which was set
by the Environmental Protection Agency (EPA)5-8
During a Food and Drug Administration review of
Hg and other metals in drugs, it was determined that
some infant immunization schedules that ‘use
thimerosal-containing vaccines (TCVs) adopted in
1991 may have exceeded the 1995 EPA guidelines for
exposure to organic Hg (1 ug/kg/d vs 3 rg/kg/d in
the previous 1985 EPA guidelines).2?-11 In Tyly 1999,
the American Academy .of Pediatrics and the US
Public Health Service recommended removing
thimerosal from childhood vaccines as S0OnN as pos-
sible as a precautionary measure,12-14
Although oral ingestion of organic Hg has been
tudied, information concerning the effects of paren-
teral exposure to these compounds in humans is
limited to a few case reports,'>18 none of which
involved exposure from vaccines. Vaccines, how-
ever, constitute a nearly universal exposure for chil-
dren in the United States and most other countries.
To evaluate the theoretical concerns of the poten-
tially toxic effects of thimerosal in vaccines, we stud-
ied neurodevelopmental outcomes among a large
group “of children with documented exposure to
varying levels of thimerosal from vaccinations in
several health maintenance organizations (HMOs).

From the 19305 to the late 1990s, many routinely

METHODS
The study was conducted in 2 phases. In phase I, a number of
neurodevelopmental disorders were identified a priog as possibly
related to ethylmercury exposure.®57 In this phase, using primar-
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ily preexisting HMO administrative databases collected for the
Vaccine Safety Datalink (VSD) project, we screened for potential
associations between these disorders and cumulative thimerosal
exposure by 1, 3, and 7 months of age.’® In the second phase, we
attempted to confirm selected positive associations seen in phase
1 between thimerosal . and these outcomes in another
independent cohort of HMO children (phase ) with similar
largely preexisting HMO administrative data. Because of the
smaller size of this second cohort, we were able to evaluate only
the most common outcomes associated with thimerosal in phase 1.

Study Participants

For phase I, we studied a cohort of infants from the VSD
project, which was created in 1991 by the National Immunization
Program of the Centers for Disease Control and Prevention (CDC).
The VSD methods have been described previously.)®-2! The
project links medical event information, specific vaccine history
(induding manufacturer and lot number), and selected demo-
graphic information from the computerized databases of several
HMOs. Because most of the neurodevelopmental outcomes of
interest would have been cared for only in the outpatient setting,
we restricted our analyses to children who were bomn from Janu-
ary 1992 through December 1998 at the 2 HMOs (HMO A and
HMO B) with the most complete computerized outpatient data. At
HMOQO A, clinic data for outcomes were available throughout the
study period; for HMO B, clinic data were available starting in
January 1995. For both -HMOs, children had follow-up data
through the end of 2000, For phase II, we used computer databases
similar to those of the VSD to study children in a third HMO
(HMO C), where data were available on children who were bom
from January 1991 through December 1997, with follow-up
through May 1998.

To capture all vaccinations in the first year of life, we restricted
the cohorts to children who were born into the MO and re-
mained enrolled contimuously for the first year of life. To be
certain that we studied children who actually received most of
their primary care through the HMO, we excluded children who
did not have documentation in the IMO databases of at least 2
polio vaccines by the age of 1 year.

We excluded from the main analysis infants with low birth
weight (LBW) of <2500 g and those with a diagnosis of a congen-
ital or severe perinatal disordet or born to mothers with serious
medical problems of pregnancy (Appendix 1). We performed a
separate analysis of infants with birth weights between 1500 and
2499 g.

Exposure Assessment

We assessed cumulative exposure at 1, 3, and 7 months of life,
when the exposure burden relative to body weight was highest.
During the years of the study, the HMOs routinely used multidose
vials for the vaccines of interest, and the exposure estimates were

TABLE 1.

based on the mean Hg content of each vacdine in multidose vials
(Table 1). )

Outcome Assessment

We identified the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) diagnosis codes in the
V5D database for HMOs A and B and the Costar codes in HMO
C’s database that were associated with the a ptiori selected neu-
rodevelopmental disorders. The automated administrative data-
bases that were used for this study included diagnoses made in
the dinic, emergency department, and hospital 20 Because a
diagnosis of most of these conditions in the first year of life may
be less reliable than later diagnoses, we incdluded only diagnoses
that were made past the age of 12 months.

Speech and language disorders were important outcomes, but
coding practices for these conditions varied by HMO. At HMO B,
‘separate codes for language delay (ICD-9 315.31) and speech delay
(315.39) were used. At HMO A, only the code for speech delay was
used, and there were no language delay codes. At HMO C, the
Costar code was for combined language and speech disorders. .
Theoretically, the “language delay” code should be indicative of
problems with expressive languape development (eg. vocabulary,
tense, word recall, sentence length and complexity) and the
“speech delay” code should indicate difficulties or delays in de-
velopment of speech sounds appropriate for age (eg, substituting
one sound for another, omission of final consonants). The distine-
tion between the diagnostic terms attention-deficit/hyperactivity
disorder and attention-deficit disorder (ADD) can also be confus-
ing. In this report, we use the term ADD to be consistent with the
ICD-9 code (314.0) that we used in our analyses,

To assess the validity of the computerized diagnoses, we re-
viewed medical charts for selected diagnoses codes ascertained
through 1998. For speech and language delay, autism, and ADD,
we reviewed the medical charts of all 618 children in HMOs A and
B and 826 children in HMO C with 2t least 2 automated diagnoses
of speech delay, and a sample of 377 children in HMOs A and B
and 100 children in HMO C with at least 1 automated diagnosis of
ADD, and 120 children in HMOs A and B with at Jeast 1 auto-
mated diagnosis of autism. For verification, we required docu-
mentation in the medical record that the diagnosis was made by
an appropriate clinical or behavioral specialist.

Statistical Analyses

In the primary analyses, relative risks (RRs) were calculated for
the cumulative exposure to thimerosal by 1, 3, and 7 months of
age. Because of power considerations, we decided a prion to
perform an evaluation only of the cumulative effect of thimerosal
exposure on the risk of outcomes with at least 50 or more cases.
We estimated RRs separately for each HMO, using proportional
hazards models stratified by sex and year and month of birth at
HMO A and by sex and year and month of bitth and clinic most

Hg Exposure From TCVs for Children Following the Recommended Immurization

Schedule in the First 7 Months of Life, HMOs A and B, 1992-1999

Age at Vaccines (Dose) Total Hg Dose - Cumulative Hg Dose
Exposure in the Period at End of the Period
First mo HBYV (First dose) 125 ug . 125 ug
2-3 mo DTP and Hib (first dose) 25, 37.5, 50, or 62.5 ugt 37.5, 50,'62.5, or 75 pugt

HBV (second dose)*
4-5 mo DTP and Hib (second dose) 25, 37.5, 50, or 62.5 ugt  750r125 pgt
. HBV (second dose)® :
6-7 mo DTP (third dose) 25, 50, or 62.5 pgh 1125 or 187.5 pg§
Hib (third dose)
HBV (third dose)

DTP indicates combined diphtheria, tetanus, and Pertussis vaccine; Hib, Huemophilus influenzae type B

vaccine.

* HBV second dose can be administered between months 1 and 4.

t Depending on whether DTP and Hib were given separately (both contain 25 pg of Hg) or as a
combination vaccine (containing 25 pg of Hg) and the timing of the second HBV dose.

} Depending on whether DTP and Hib were given separately or as a combination vaccine and
assuming that all 3 doses are given as combined or separate.

§ Depending on whether DTP and Hib were given separately or as a combination vaccine and
assuming that all 3 doses are given as combined or separate and whether the third HBV dose was

given before 7 months,
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Total Birth Cobort Tota] Birth Cohort
at HMO & aaHMOB
C
Not Continnously HMO
Enrolled 6,013 -+ 78.829 -+
Total Birth Cohort,
r r Limited 10
Continuously Encolied Continuousty Enrolled Continuously Enrolled
during I* Year of Life: during 1 Yesr of Life: during 3 Year of Life:
17,230 150,456 21,47
No. Excluded }
due 10 Low
Birthweight 872 S 7363 - 837 <
4 L . b
Children whoss Children whose Children whose
Birthweight was Birthweight was Binthweight was
>2500g: >2500g: >2500¢:
16,358 143,093 20,634
No. Excluded
Due to
Congenital or
Perinatal 2,469 S 28,133 2,905 < ‘
Conditions
. A 4
No Severe Perinatal or No Severe Peripatal or No Severe Perinatal or
Congenital Disorders: Congenital Disorders: Congenital Disorders:
13,889 114,960 17,729
No. Excluded
Due 10 Receipt
of
<2 Polio 552 - 4121 - 1012 <
Vaccinations :
r F r
Final Cohort, Excluding Final Cohort, Excluding Final Cobort, Excluding
Children With <2 Polio Children With <2 Polio Children With <2 Polio
Vaccinations: Vaccinations: Varcinations:
13337 110,833 16,717

Fig 1. Creation of study cohorts at HMOs A, B, and C.

often visited at HMO B. The time variable in the models started at
the first birthday for children in HMO A or at the first birthday or
January 1, 1995 (whichever came later), for children at HMO B; for
children in each HMO, the time of follow-up ended at the date of
diagnosis or the last date of follow-up. Temporary disenrollment
with reenrollment was allowed, but person-time and diagnoses
were used only while the child was enrolled in the HMO. We used
P < .05 to define statistical significance.

We were concerned that parents who had their children vacci-
nated on time (and therefore were more likely to have increased
thimerosal exposure at each of the time periods studied) were also
more likely to seek medical care for common pediatric ambulatory
condjtions. Support for this concern was provided by analyses
indicating that in each year from 1994 to 1998, children who
received >75 g Hg in the first 7 months of life, compared with
children who received 0 to 75 pg Hg in the first 7 months of life,
had significantly more well child care visits and significantly more
visits for "upper respiratory infections” in both the second and
third years of life (Appendix 2). To try to control for health
care-seeking behavior, we performed the analyses in phase I re-
stricted to children who had made at least 1 visit to a clinic or an
emergency department at the same month of age as cases, For
phase II, this extent of health care visits data was not available in
the analytic data set and no such adjustment for health care-

seeking behavior was possible. We also were not able to make
such adjustments in the subanalysis of LBW infants.

To simplify the presentation of the results giveti the large
number of outcomes studied and the different exposure time
periods that were assessed, we modeled exposure as a continuous
variable with increments of 12.5 ug Hg. To illustrate the change in
risk with each level of exposure and as a visual check of the
linearity assumption made in analyses of exposure as a continu-
ous variable, we also performed additional analyses in which we
modeled exposure as a categorical variable. For these analyses, the
exposure levels were 0 to 25 pg, 375 10 50 pg, and 262.5 pg at 3
months and 0 to 75 ng, 87 to 162.5 pg, and =175 #g at 7 months,
respectively. We restricted these analyses to outcomes for which
significant associations were found in the analysis of exposure as
a linear variable and certain oulcomes of particular interest (eg.
ADD, autism).

In the analyses restricted to moderately LBW infants, we in-
cluded children who weighed from 1500 to 2499 g at birth, were
enrolled in the HMO in the first month of life and remained
enrolled past 1 year of age, and had 2 or more polio vaccinations
by 1 year. We were not able to maintain the other exclusion criteria
listed in Appendix 1 because insufficient numbers would have
remained in the analysis. The statistical analyses were stratified by
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TABLE 2  Number of Children, Age at Diagnosis, and Proportion of Boys Diagnosed at HMOs A

{1992-2000) and B (1995-2000)
ICD-9 Code Outcome HMO A HMO B

N Age* % Boys N Age® % Boys

All children 13337 51 110833 50
2999 Antism 21 49 90 2m M 80
299.8 Other childhood psychosis 20 54 70 108 55 94
3070 Stammering 61 40 70 112 39 69
307.2 Tics 62 6l 60 200 62 75
307.4 Sleep disorders v 32 56 59 29 58
3075 Eating disorders 20 33 30 82 26 54
313.8 Emotional disturbances 84 o7 73 320 o4 78
314.0 ADD : 72 78 940 70 79
315.31 Developmental language delay 35 62 60 586 32 75
31539 Developmental speech delay 694 38 68 1941 31 72
3153 Speech or language delay 730 38 68 2288 3 72
3154 Coordination disorder 8 35 64 % 56 73

* Median age at first diagnosis, in months.

HMO, year of birth, and sex and controlled for birth weight (250-g
intervals). .

RESULTS

Phase . HMOs A and B
Cohort Selection

A total of 252 526 children (23 241 at HMO A and
229 285 at HMO B) were born into the 2 VSD HMOs
(Fig 1). After all exclusion criteria were applied, the
final study cohort size was 13 337 at HMO A and
110 833 at HMO B.

Qutcome Assessment

At HMO A, 8 categories of neurodevelopmental
disorders contained 50 or more children; in HMO B,
there were 11 such categories (Table 2). The most
frequent diagnoses were those of speech delay fol-
lowed by ADD. As noted previously, there were
substantive differences in the proportions of children
at HMOs A and B who had a diagnosis of speech
delay or of language delay. The median age at first
diagnosis for the children within the study cohorts
varied from 26 months for eating disorders to 72
months for ADD. For each category of neurodevel-
opmental disorders (with the exception of one), more
boys than girls received a diagnosis of neurodevel-
opmental disorders. For the children whose charts
were reviewed, the confirmation rates for speech

delay, autism, and ADD were 81.6%, 92.3%, and
42 1% for HMO A and 66.8%, 51.3%, and 28.2% for
HMO B, respectively.

Risk Estimates

.Tables 3 and 4 show the adjusted RRs associated
with cumulative thimerosal exposure by 1, 3, and 7
months of age. At HMO A, a significantly increased
risk was seen only with cumulative exposure at 3
months and the diagnosis of tics. At HMO B, signif-
icantly increased risks were seen with cumulative
exposure at 3 and 7 months and language delay.

In the categorical analyses of cumulative exposure
at 3 months of age at HMO B (Table 5), there was a
significant association between the highest level of
exposure (=62.5 micrograms) and language delay.
For the categorical analyses of cumulative exposure
at 7 months of age (Table 5), there was a borderline
statistically significant negative association of speech
delay with medium and high levels of thimerosal
exposure at HMO A. There were no significant asso-
ciations between exposure and ADD.

There were sufficient cases for analysis of autism
only at HMO B. No significant associations were
found with cumulative exposure at any age and risk
for autism in either the continuous (Table 4) or the
categorical analyses (Table 5).

TABLE 3.  RRs by Increase of 12.5 ug of Hg Exposure From TCVs at HMO A

Outcome I-Month 3-Month 7-Month

Cumulative Hg Cumulative Hg Cumulative Hg

RR 95% 1 RR 95% RR 95% C1
Stammering 0.89 0.40-1.97 1.18 0.74-1.89 117 0.97-1.41
Tics 125 0.47-3.29 1.89* - 1.05-3.38 1.12 0.93-1.34
Sleep disorders 079 0.38-1.61 0.93 0.7:-1.21 1.08 095-124
Emotional disturbances 1.00 0.42-2.36 0.98 0.66-1.45 0.92 0.81-1.03
ADD 0.92 0.52-1.59 0.83 0.68-1.02 093 0.84-1.02
Speech delay 1.07 0.83-1.38 1.03 0.93-1.15 097 0.92-1.01
Speech/language delay 1.14 0.85-1.46 1.03 0.93-1.14 0.97 0.93-1.02
Coordination disorders 1.67 0.78-3.57 1.19 0.82-1.71 1.00 0.87-1.15

(I indicates confidence interval.
*P < 05
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TABLE 4. RRs by Increase of 12.5 pg of Hg Exposure From TCVs at HMO B

Outcome 1-Month 3-Month 7-Month
Cumulative Hg Cumulative Hg Cumulative Hg
RR 95% I RR 95% CT RR 95% C1
Autismn 116 0.78-1.71 106 0.88-1.28 1.00 0.90-1.09
Other child psychosis 1.03 0.60-1.74 093 073-1.19 104 091-1.20
Stammering 0.61 0.33-1.14 110 0.86-1.41 1.06 0.93-1.21
Tics 085 - (.55-1.30 0.95 0.76-1.15 lopo 0.98-1.21
Sleep disorders 124 0.80-1.93 115 0.95-1.39 109 0.99-1.19
Eating disorders 0.90 0.50-1.61 097 0.72-1.29 098 0.85-1.14
Emotional disturbances 076 054-1.07 1.02 0.88-1.18 1.01 0.93-1.10
ADD 0.90 0.74-1.10 i0m 0.93-1.11 1.02 0.97-1.07
Language delay 106 0.83-1.35 1.13* 1.00-1.27 107 1.01-1.13
Speech delay 102 090-1.17 1.04 0.98-1.10 1.02 0.95-1.05
Language/speech delay 1.03 091-1.17 1.05 0.99-1.11 1.02 0.99-1.05
*P < .05 '
TABLE 5. RRs by Category of Cumulative Hg Exposure at 3 and 7 Months
QOutcome Hg (ug) HMO A HMO B
RR 95% CT N X P Value RR 95% C1 N b P Value
3 Months
0-25 1.00 61 0.13 .94 1.00 . 106 228 32
Speech delay 37.5-50 1.04 (0.61-1.75) 107 1.14 (0.91-1.44) 1297
=62.5 1.09 (0.65~1.81) 526 1.21 (0.93-1.58) 538 .
‘ 0-25 1" 1.00 24 544 07
Language delay 37.5-50 6 1.44 (0.90-2.28) 419
=625 28 1.87 (1.08-3.23) 143
ADD 0-25 1.00 5 4.36 1 100 . 35 0.33 .85
37.5-50 0.88 (0.27-2.79) 60 1.00 (0.71-1.39) 627
=625 0.41 (0.13-1.20) 105 1.08 (0.72-1.61) 258
0-25 1 1.00 1 1.84 A0
Autism 37.5-50 5 1.61 {0.77-3.34) 158
=625 15 1.38 {0.55-3.48} 33
7 Months
: 0-75 1.00 . 68 537 .07 1.00 250 2.23 33
Speech Delay 87-162.5 058 ((L.37-0.93) 202 ' 1.11 {0.95-1.30) 1362
=175 058 (036-092) 424 1.04 {0.82-1.32) 329
Language delay 0-75 1+ 1.00 75 M 31
87-162.5 10 1.20 (0.91-1.59) 422
=175 24 1.37 (0.87-2.14) 89
ADD 0-75 1.00 2 233 3 1.00 B L) B X3 28
87-1625 1.64 (0.32-8.28) 82 1.22 (0.95-1.57) 684
=175 1.19 (0.23-6.05) 86 1.21 (0.83-1.76) 155
0-75 1 1.00 37 1.08 58
Autism 87-162.5 8 0.95 (0.62-1.46) 148
2175 12 0.65 (0.27-1.52) 17

-* No comparisons were made when fewer than 50 children received a diagnosis of a condition_

Phase II: HMO C
Cohort Selection .

A total of 21 471 children were bomn into HMO C
and were also continuously enrolled for the first year
of life {the numbers of the entire birth cohort, includ-
ing those not continuously enrolled for the first year
of life, were unavailable). After children who did not
receive at least 2 polio vaccinations in the first year or
who had LBW or a serious congenital or perinatal
anomaly were excluded, the final study cohort size
was 16 717 (Fig 1).

Outcome Assessment .

A total of 1134 children had a speech/language
delay, 91 children had stammering, 499 children had
sleep disorders, and 97 children had ADD from the
computerized clinic records. The median age at first
diagnosis was 24 months for speech or langnage
disorder, 50 months for ADD, 35 months for stam-

mering, and 19 months for sleep disorder, and sim-
ilar to phase 1, there was a male excess for each
disorder. Among the children for whom medical
records were reviewed, we confirmed 647 (78%) and
44 (44%) of the automated diagnoses of speech or
language delay and ADD, respectively.

Risk Esiimates

There were no significant associations between cu-
mulative thimerosal exposures at 1, 3, or 7 months of
age and speech/language disorder, ADD, stammer-
ing, or sleep disorder (Table 6). '

Analysis of LEW Infants: HMOs A, B, and C

In the subanalysis of LBW infants, a limited num-
ber of outcomes could be evaluated because of sam-
ple size constraints. Restricting the analyses to con-
ditions with at least 50 cases, we evaluated risk for
cumulative mercury exposure at 3 and 7 months by
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RRs by Increase of 125 pg of Hg Exposure From TCVs at HMO C

TABLE 6.
Cuicome 1-Month 3-Months 7-Months
Cumulative Hg Cumulative Hg Cumulative Hg

RR 95% C1 RR 95% C1 RR 95%
Stammering 0.77 0.47-1.26 0.97 0.78-1.20 0.99 0.88-1.10
Tics 0.93 0.45-1.92 126 0.81-1.94 118 0.57-1.42
Sleep disorders 0.97 0.79-1.19 1.02- 0.92-1.13 1.05 0.99-1.11
ADD 0.88 0.53-148 0.96 0.79-1.18 0.9 0.87-1.05
Speech/language 0.91 0.79-1.04 0.96 0.90-1.02 0.98 0.94-1.01

delay ’

12.5-ug increase (Table 7). We were able to evaluate
the combined outcome of speech or language delay
at all 3 HMOs and ADD at HMO B. We found no
statistically significant increased risks for either out-
come.

DISCUSSION

In this analysis using computerized HMO data-
bases to screen for possible associations between ex-
posure to thimerosal in infant vaccines and neurode-
velopmental outcomes, we did not find evidence of a
clear association between thimerosal and specific
neurodevelopmental disorders. In the first phase of
our study, we observed an association between
thimerosal exposure and some of the neurodevelop-
mental disorders screened, most notably between
cumulative thimerosal exposure by 3 and 7 months
of age and speech and language disorders at 1 HMO,
and also an association between cumulative thimer-
osa) exposure by 3 months of age in 1 HMO and tic
disorder. The results between HMOs, however, were
inconsistent. Our study encompassed a large number
of separate analyses and, by chance alone, at least
some associations would be expected to be statisti-
cally significant. We did not adjust the level of sta-
tistical significance of owr estimates for the multiple
comparisons made but chose instead to attempt to
confirm our positive findings in an independent
third HMO. In the second phase of this study, no
associations that had been seen previously in either
of the first 2 HMOs were detected at the third HMO.

‘The discrepant findings have several possible ex-
planations, including differences in outcome ascer-
tainment. HMO B is the only HMO in our study
where speech therapy is not covered by the health
plan. Because such therapy is not provided, primary
care providers in this HMO may have screened less
aggressively for speech or language disorders among

young children. Thus, parental concern may have
been a more important factor in the ascertainment of
these disorders. If parents at this HMO who were
more concerned about subtle neurodevelopmental
delays were also more likely to adhere to a timely
vaccination schedule, then ascertainment bias might
have resulted in falsely elevated estimates of the
association between thimerosal and these disorders.
We attempted to control for differences in health
care-seeking behavior by matching on clinic visits.
Nevertheless, some significant associations remained
for language delay. ,

The biological plausibility of the small doses of
ethylmercury present in vaccines leading to in-

- creased risks of neurodevelopmental disorders is un-

certain. The effect of organic Hg on neurologic de-
velopment has been the focus of several
studies.>”#22¢ Two prospective cohort studies of
prenatal exposure to methylmercury from fish con-
sumption have resulted in conflicting findings. In the
Seychelles, Davidson et al>®* found no effect of pre-
or postnatal methylmercury exposure on the neuro-
logic development of 711 children at 66 months of
age. In the Faroe Islands, Grandjean and col-
leagues”?2¢ found an adverse effect of prenatal ex-
posure to methylmercury on attention, language,
and memory at 7 years of age among 917 children.
Attention was also found to be inversely related to
hair Hg concentrations in Amazonian children aged
7 to 12 years,” and speech retardation by 24 months
was related to maternal hair Hg concentrations in
Iraqi children.?

All of these and other studies involved ingested
methylmercury, and their relevance to our study of
ethylmercury bolus exposure by injection of TCVs is
unknown. The magnitudes of Hg exposure in these
other studies were also much higher than Hg expo-
sure from vaccines. For example, blood Hg levels

TABLE 7.  RRs by Increase of 12.5 pg of Hg Exposure from TCVs for Selected Outcomes Among
Moderately Low Birth Weight Infants {1500-2499 g)
Qutcome HMO Cases (n)- 3-Months 7-Months
Cumulative Hg Cumulative Hg
RR 95% CI* RR 95% 1
Speech or language A 55 1.09 0.86-1.37 1.04 0.92-117
delay
) B 194 0.93 0.82-1.06 0.98 0.91-1.05
C 65 097 0.79-1.19 1.04 0.90-1.19
ADD B 64 0.99 0.75-1.29 0.99 0.83-1.17

* RR {95% CI) from proportional hazards regression models stratified by year of birth and sex, and
adjusted for birth weight (250-g increments). The ADD results were also stratified by usual clinic and

controlled for health care-seeking behavior.
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after hepatitis B vaccine (HBV) in newborns, as mea-
sured by Stajich and colleagues,”#22252% although
significantly elevated, were far below “no effect”
levels as determined by the studies in the Faroe and
Seychelles Islands. The results of a recently pub-
lished study suggest that ethylmercury from thimer-
osal is metabolized and cleared from children more
rapidly than methylmercury.® The Immunization
Safety Review Committee of the Institute of Medi-
cine concluded that although the evidence is indirect
and incomplete, the hypothesis that TCVs could be
associated with neurodevelopmental disorders is bi-
ologically plausible.?! '

Our use of automated databases has a number of
limitafions. As most vaccines used in the study pop-
ulation were either thimerosal-free throughout our
stady period (eg, polio) or thimerosal containing
throughout our study period (eg, multidose HBV),
our main analyses did not differentiate between the
effect of thimerosal and other vaccine components.
For example, we did not differentiate potential ef-
fects of thimerosal from those of whole-cell pertussis
vaccine, which has been associated with an increased
risk of encephalopathy. Encephalopathy after pertus-
sis vaccination, however, is rare and unlikely to have
had a meaningful impact on our results.??

To try to isolate the effects of thimerosal from
other vaccine constituents, we performed a suba-
nalysis comparing risks associated with diphtheria-
tetanus-whole cell pertussis vaccine or diphtheria-
tetanus-acellular pertussis vaccine and Haemophilus
influenzae type b vaccine given separately or com-
bined {Appendix 3). The 2 vaccination regimens in-
cluded the same vaccine antigens but differed by Hg
content (25 pg for the combined vaccine vs a total of
50 ug when the 2 vaccines were given separately).
Only at HMO B were both the combined and sepa-
rate products used. In the analyses of speech and
language delay and ADD with cumulative exposure
by 3 months, we did not find any statistically signif-
icant increased risks associated with increase in Hg
exposure when the 2 vaccines were given separately
compared with combined.

We evaluated the effect of the study exclusion
criteria to determine whether they had an undue
influence on our study findings. For the outcomes of
speech delay and/or language delay, there was no
appreciable effect on the observed RR of any of the
exclusion criteria (Appendix 4). A similar analysis for
autism also found no appreciable effect of the exclu-
sion criteria (data not shown).

Our data may have been subject to misclassifica-
tion errors in both exposure assessment and case
ascertainment. Some vaccinations, particularly the
neonatal HBV dose, may not have been captured
completely. Mullooly et al®*® evaluated reliability of
automated vaccinahion data in the VSD and esti-
mated that 18% and 2% of HBV may have been
missed at HMOs A and B, respectively. For other
TCVs, the proportions missed were estimated to be
2% for both diphtheria-tetanus-whole cell pertussis
and Haemophilus influenzae type b at HMO B and 10%
and 9% for the same respective vaccines at HMO A.
No specific evaluations of the accuracy of the auto-

mated records have been conducted at HMO C, but
the accuracy is believed to be high, as the computer-
ized records represent the sole medical record.

For case ascertainment, we used ICD-9 codes at 2
HMOs and Costar codes at the third. The low con-
firmation rates for ADD illustrate the potentially low
positive predictive value of these codes, which could
have limited our ability to find an association with
this outcome. For other disorders, such as autism, the
confirmation rate of the computerized codes was
reasonably good. In a subanalysis {not shown), we
found consistent results based on computerized
codes compared with analyses based on a smaller
sample of subjects with autism, ADD, and speech
and language disorders whose medical records were
reviewed and diagnoses confirmed, suggesting that
the reliance on automated data did not introduce
appreciable bias. _

We were not able to control completely for poten-
tially confounding factors. Clinic identity was un-
available from HMOs A and C and therefore could
not be controlled for in the analysis. The variable that
denoted which clinic a child attended acted as an
appreciable confounder in the analyses at HMO B,
and its absence from the other analyses represents a
legitimate concern. In terms of the ability for this
study to address the effect of other, potentially con-
founding environmental influences, the HMO data-
bases did not contain information on potential pre-
disposing factors for neurodevelopmental disorders,
such as maternal smoking, lead exposure, or fish
consumption. However, it is not obvious how these
factors would be related to the child’s vaccination
status and thus confound the results.

LBW is a particularly important potentially con-
founding factor because LBW infants (especially
those severely premature) are less likely to be vaca-
nated on time,> and they are also at increased risk
for neurodevelopmental disorders.> We dealt with
this potential bias by excluding LBW infants from the
main analysis. Because LBW infants may be espe-
cially susceptible to thimerosal exposure as a result
of their higher exposure doses relative to weight and
their less developed nervous systems, we performed
a subanalysis restricted to infants with moderately
low birth weights (1500-2499 g). We were able to
evaluate ADD and speech or language disorders and
did not find significant increased risks associated
with increasing thimerosal exposure.

CONCLUSIONS

In our analyses of computerized HMO data, we
found no consistent significant associations between
TCVs and neurcdevelopmental outcomes. In the first
phase of our study, we found an association between
exposure to Hg from TCVs and some of #he neuro-
developmental outcomes screened. In the second
phase, these associations were not replicated for the
most common disorders in an independent popula-
tion. Although the lack of consistency between the 2
phases argues against a thimerosal effect, we believe
that additional investigation is required because of
the widespread exposure from vaccinating virtually
the entire birth ¢ohort of the United States and the
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importance of speech and language disorders among
children and adolescents. For elucidating further
whether a causal association exists between thimer-
osal exposure and neurodevelopmental conditions,
additional studies with different designs will be
needed. A study with neuropsychological testing of
children with different thimerosal exposures would
address one of the main limitations of our present
study: the reliance on administrative medical records
for outcome assessment. Although such a study
might also avoid ascertainment bias that may have
affected the results of this study, it might still be

susceptible to confounding if factors that influence
parents’” decision to have their children vaccinated
timely are also related to their children’s neurodevel-
opment. Although this bias could conceivably be
eliminated by conducting a randomized controlled
trial, such a trial would not be ethically feasible given
current recommendations that thimerosal not be in-
cluded in routine infant vaccines. The best alterna-
tive is to evaluate the development of children who
were enrolled in previous randomized vaccine trials
in which the vaccines contained sirnilar antigens but
differed by thimerosal content.

ATPENDIX 1.  Perinatal Exclusion Codes Used in the Thimerosal Screening Analyses

740 Anencephalus, craniorachischisis, iniencephaly

7410 Spina bifida

742 Encephalocele, microcephlus, other brain and spinal cord anomalies

745* Cardiac defects inchuding ventricular septal defect

746.* Other congenital heart defects

747+ Anomalies of aorta, other arteries, veins

748.* Various abmortnalities of nose, lung, respiratory abnormalities

749.* Cleft palate and deft lip

750.* Tongue and mouth abnormalities !

751 Abnormalities of intestine, pancreas, other digestive

755.0 Renal agenesis

756.6 Anomalies of diaphragm

736.7 Abdominal wall abnormalities

758.¢ Chromosomal abnormalities

759.7 Multiple congenital anomalies not elsewhere coded

759.9 Congenital anomaly not otherwise specified

760" Matermnal condition affecting fetus including maternal injury,
hypertension, drugs

761.* Maternal complication affecting newborn including premature rupture of
membrane )

7642 Slow fetal growth, malnutrition, light for gestational age

765.% Disorders related to short gestation and unspecified low birth weight

767.* Birth trauma including scalp injury

768.* Intrauterine asphyxia, fetal distress during labor

769.% Respiratory distress syndrome

770.* Newborn respiratory condition

7721 Intraventricular hemorrhage

7722 Subarachnoid hemorrhage

7732 Newborn hemolytic disease

775 "Newborn endocrinclogical disease

7762 -Disseminated intravascular coagulation

779 Other perinatal condition including convulsion (.0), feeding problems (.3)

Note: 760.* was not used as an exclusion at HMO C.

APPENDIX 2.
Visits (V20°, V70.0, V70.3, V70.5, V70.9) in Second Year of Life by Year of Birth and Estimated Amount
of Hg Received In First 7 Months of Life (0-75 vs >75 pg)

HMO B: Mean Number of Qutpatient Visits for UR] (ICD 460-466) and Well-Child

Year Hg N URI Well-Child Visit
Mean SD t Test P Mean SD i Test P
Value Value

1994 0-75 2757 176 193 —478 <0001 199 126 ~156  <.0001
=275 11072 196 2.00 242 136 '

1995  (-75 2660 159 177 358 0004 19 118  -142 <0001
=75 11405 173 184 226 - ¥ - - S

1996 0-75 2563 160 176 —548 <Q0mM 179 108 —156  <.0001
=75 12 059 1.82 1.94 216 114

1997 0-75 12722 1.45 1.71 —-5.72 <.0001 1.76 103 —11.6 <.0001
=75 13 486 1.75 1.82 212 1.1

1998  0-75 947 160 181 0.06 9540 183 106 ~79  <.0001
=75 13643 160 175 212 113

SD indicates standard deviation.
~ * Children followed continuously >2 years since birth.
Note: Restricting to children with =<9 visits did not change the results.

1046

SAFETY OF THIMEROSAL-CONTAINING VACCINES



APPENDIX 3.  RR Associated With Cumulative Hg Exposure by 3 Months of Age for Selected
Outcotnes for Children Receiving Separate DTP/DTaP and Hib Vaccnes Compared with Children
Receiving Combined Vaccines, HMO B

Outcome N No. of RR 95% I
Cases
Speech delay 29600 547 1.04 0.85-127
Language delay 29 845 167 129 0.91-1.82
ADD T~ 13985 315 0.70* 0.52-0.95
*P < 05,

Note: HMO B started using 2 combined DTP and Hib vaccine in early 1993 and then replaced it with
separate DTaP and Hib vaccinations in 1997. The analysis compared the risk among children who
received a DTF (or DTaP) and Hib before 3 months of age in a single combination vaecine with those
who received the vaccines separately. The analyses were stratified on sex, year of birth, and clinic but
not on month of birth (as a result of the rapid change-over of use of vaccine, there was a lack of overlap
by month of birth). The RR is expressed as the higher thimerosal group (separate vaccines) compared
with the Jower group (combined vaccine).

APPENDIX 4.

Effects of Applying Exclusion Criteria
HMO A HMO B
7 Months Speech/ 7 Months
Language Delay Speech Delay
Cases - ~RR 95% C1 Cases RR 95% CI
All 1115 0.99 0.96-1.03 3477 1.00 0.98-1.02
1 1056 0.99 0.96-1.03 2866 1.01 0.98-1.03
I 969 1.00 0.96-1.03 2654 10 0.99-1.04
m 742 0.99 0.95-1.03 1971 1.0 0.99-1.04
v 730 0.97 0.93-1.02 1941 1.02 0.99-1.05
1 Children not continuously enrolled during the first year of life excluded.
I LBW children excluded.
I Children with any condition in Appendix 1 excluded.
1V Children who received <2 polio vaccinations in the fixst year of life excluded.
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MARGARET MEAD'S EARLY EDUCATION

“Kindergarten passed muster among the pedagogically enlightened women of
the family. Margaret attended for two years. But from then until fourth grade, she
had no official schooling. When she finally did show up in class it was only for half
days, and she went armed with instructions from her parents that she was to be
permitted to leave whenever she liked. When nine-year old Margaret decided to
begin a diary, her first entry showed her to be very much the product of her eclectic

yet ever so self-conscious rearing: ‘I'm not sure that ] won’t miss days some times,

for I am not very regalar.” At adolescence, she was swept up in a joint project with
her mother ... the two of them went off to study Italian immigrant children,
aiming to find out how language affected IQ scores.”

Hulbert A. Raising America. New York: Knopf; 2003
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Statement on thiomersal

The Global Advisory Committee on Vaccine Safety concludes that there is no evidence of
toxicity in infants, children or adults exposed to thiomersal (containing ethyl mercury) in
vaccines.

In 1999, concerns were raised in the United States about exposure to mercury following immunization. This was
based on the realization that the cumulative amount of mercury in the infant immunization schedule potentially
exceeded the recommended threshold set by the United States government for methyl mercury. However
thiomersal, the preservative in some vaccines, contains ethyl mercury not methyl mercury. The Global Advisory
Committee on Vaccine Safety (GACVS) first assessed this issue at a special meeting in August 2000. The
Committee review has been ongoing since then. ’

Expert consultation and data presented to the GACVS on 20-21 June 2002 indicate that the pharmacokinetic
profile of ethyl mercury is substantially different from that of methyl mercury. The hali-life of ethyl mercury is
short (less than one week) compared to methyl mercury (1.5 months) making exposure to ethyl mercury in blood
comparatively brief. Further, ethyl mercury is actively excreted via the gut unlike methyl mercury that accumulates
in the body. Two independentty-conducted epidemiological studies have been completed in the United Kingdom.
‘These studies further support the safety of thiomersal-containing vaccines in infants in the amounts used in existing
vaccines.

During a recent consultation held on 11-12 June 2003, GACVS reviewed available information on an ongoing
thiomersal pharmacokinetic study in macaque monkeys; and a study on the suitability of thiomersal-free vaccines
for multidose policy (assessed by retained sterility for up to 30 days).

On the basis of the foregoing, the GACVS concluded that the latest pharmacokinetic and developmental studies do
not support concerns over safety of thiomersal (ethyl mercury) in vaccines. The Committee has concluded, and
advises accordingly, that there is no reason on grounds of safety to change current immunization practices with
thiomersal-containing vaccines, since the benefit outweighs any unproven risks. However, data for well-nourished
neonates born at term cannot necessarily be extrapolated to preterm or malnourished infants. The latter studies
would be difficult to conduct. GACVS encourages further research to be done bearing in mind the special
difficulties in conducting studies in at-risk subjects. '

The GACVS will continue to review the evidence and any epidemiological data that might emerge from on-going
studies.

The GACVS is a scientific advisory body established by WHO to provide a reliable and independent scientific
assessment of vaccine safety issues in order to respond promptly, efficiently and with scientific rigour to such
issues. Membership includes experts from around the world in the fields of epidemiology, paediatrics, internal |
medicine, pharmacology and toxicology, infectious diseases, public health, immunology and autoimmunity, drug
regulation, and safety. '
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